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FOREWORD

This report is the fifth volume of a nine~volume study entitled Evaluation of Military

Field-Water Quality. Titles of the other volumes are as follows: Vol. 1, Executive

Summary; Vol. 2, Chemical Constituents of Military Concem; Vol. 4, Health Criteria and

- Recommendations for Standards; Vol. 6, Infectious Organisms of Military Concemn

Associated with Nonconsumptive Exposure: Assessment of Health Risks, and

Recommendations for Establishing Related Standards; Vol. 7, Performance Evaluation of

the 600-GPH Reverse Osmosis Water Purification Unit {ROWPU): Reverse Osmosis (RO)

Components; Vol. 8, Performance of Mobile Water Purification Unit (MWPU) and

Pretreatment Components of the 600-GPH Reverse Osmosis Water Purification Unit

.(ROWPU) and Consideration of Reverse Osmosis {RO) Bypass, Potable-Water Disinfection,

and Water-Quality Analysis Technigues; and Vol. 9, Data for Assessing Health Risks in
Potential Theaters of Operation for U.S. Military Forces.

As indicated by the titles listed above, the nine vclumes of this study contain a
comprehensive assessment of the chemical, radiological, and biclogical constituents of
field-water supplies that could pose health risks to miiitary personnel as well as a detailed
evaluation of the field-water-treatment capability of the U.S. Armed Forces. The
scientific expertise for performing the analyses in this study came from the University of
California Lawrence Livermore National Laboratory (LLNL) in Livermore, CA; the
University of California campuses located in Berkeley (UCB) and Davis (UCD), CA; the
University of Hlinois campus in Champaign-Urbana, IL; and the consulting firms of IWG
Corporation in San Diego, CA, and V.]. Ciccone & Associates (V]CA), Inc., in Woodbridge,
VA. Additionally a Department of Defense (DoD) Multiservice Steering Group (MSG),
consisting of both military and civilian representatives from the Armed Forces of the
United States (Army, Navy, Air Force, and Marines), as well as representatives from the
U.S. Department of Defense, and the U.S. Environmental Protection Agency provided
guidance, and critical reviews to the researchers. The reports addressing chemical,
radiological, and biological. constituents of field-water supplies were also reviewed by

- scientists at Oak Ridge National Laboratory in Oak Ridge, TN, at the request of the U.S.
Army. Furthermore, personnel at several research laboratories, military installations, and o b
’ agencies of the U.S. Army and the other Armed Forces provided technical assistance and ., iy
information to the researchers on topics related to field water and the U.S. military Tt
-
‘ community. Tuais Lc.,:yd
5 — _‘\N:w:
} by _ -
BPige ‘ S e
iy ’5".1‘ Dy ! ;Q“/




Volume 5

ACKNOWLEDGMENTS

The authors exiend their appreciation to the scientists and staff of the
Environmantal Sciences Division at the Lawrence Livermore National Laboratory, as well
as to Dr. Stephen A. Schaub ard his colleagues at the U.S. Army Biomedical Research and
Development Laboratory (USASRDL), for their cooperation and assistance. A special
thank you is extended to the scientists and staff of the Sanitary Engineering and
Environmental Health Research Laboratory at the University of California, Richmond
Field Station, and at the University of California, Berkeley, for their efforts in preparing
this document. ’

iv




| Volume 5

FOreword . . . o . v ¢ o s ¢ v o o o s o o 0 e v e o e e e e e e e e . i
Acknowledgments . . . . . . . . A \

Listof Tables . . . . . ¢ v ¢ ¢« v v v o o o o o o s oo o o o o oo+ xii

Listof Figures. . . . & v 4 ¢ ¢ ¢ o o ¢« o s o o s s s o s o o o o o o+ Xvi

) Abstract . . . . . ... i i e s e e s e e e e 1
Introduction. . . . . . 4 4 ¢ 4 s e i i et e e e e e e e e e e e 2

: Screening of Water-Related DiSEaSeS. . « « « « v « o o s 0 0 o o o 0 0. 2
Waterbome Diseases . . . « ¢ v ¢ « v ¢« ¢ ¢ ¢ s s s 4« s s 0o 0o s s 0. 8
Water-Washed Diseases. . . « + ¢« v o ¢« s o o o s o s ¢« o s ¢« o s s« B
Water-Based Diseases . . + « v ¢« « ¢« v ¢ 4 ¢ o 4+ o 0 v o 0 s 0 o4 7
Water-Related Insect Vectors . . . . . T

Data-Base Development . . . . . . . . . . O 1 ¢
Literature Compilation . . . . + v ¢« & ¢ « ¢ ¢ ¢« ¢ ¢ ¢ ¢« s o« s o+« . 10

Data Base. . . . . e & §
Risk-Assessment Methodology . . . . . . . . . .. R & |

Linking Exposure toRisk . . . . « «o v v ¢ v v v v . e e e e . . . . 18

Computer Program. . . . . . . . . s s e e e e e s e e e s e s e . 25

Example Calculation . . . . . . . . ..« . .. e e e e e e e e e 25

Sensitivity Analysis . . . . . . . . . .. T
Risk-Assessment Results . . . . v v v v v 0 v o . . e e e e e . 35

Risk Assessment: Bacterial Organisms.. . . . . . P I
Shigellaspp. . . . . Gt e e e e e e s e s s e e e s s e e s e s . . 38

Vibrio cholerae Classical. ‘e . . e AP 51

Vibrio cholerag E1 Tor. . . . . . . . B
CampylobaCter . . . v v ¢ 4 v et e e e e e e s e e e e s e .. A48
Escherichia_t_:_qﬁ.......'.‘..................49
Salmonelaspp.. . . . . . . . s et s e e e e e e e e e e e e . B2

. Salmonellatyphi . . . . . . . ... .. .. v ... 55
Yersiniaspp. . . . . . . . . e e . .. . 60

. Risk Assessment: Viral Organisms.. . . . v v v ¢ v v ¢ 4 000w . s 64

Risk Asseseiient: ParasiticOrganismis .« . . v v v v v 0 v e v e v e e .
Entamoeba histolytica. . . . . .
Giardialamblia. . . . . . . . . . . 000,

Summary: Risk-AssessmentResults . . . . . . . ..

o o
[+ ]

D
o o




Recommendations for Standards
Conclusions
Uncertainties and Research Recommendations .
References . . .
Appendices . . . . .
Appendix A: Bacterial Organisms .
1. Shigella . . . . . .
Etiology and Clinical Disease . . .
Occurrence
Reservoir . . . . . .
Mode of Transmission . . .
Susceptibility and Resistance. . .
Environmental Persistence

oooooo

Monitoring Methods
Indicator-Pathogen Relationship
Concentration in the Environment

oooooooooooo

References. . .

. Campylobacter. . . . . . .
Etiology and Clinical Disease

Occurrence

----------------
-----------
...............
---------------

Susceptibility and Resistrnco
Environmental Persistencs
Dose Response .

------------

.........

Monitoring Methods . . . .
Disinfectants. . e e
Indicator-Pathogen Relationship
Concentration in the Environment. . .
References

oooooooooooo

--------

Volume 5

73
83
84
a8
93
94
94
94
94
95
95
95
95
97
97
97
99
100
106
101
1056
105
105
108
108
107
107
107
108
108
109
109
109
111



OO IEURIRIENT:.

1wt il e S 24 vt e 5 o s 5t D78 02 I it e Rt 3 kg 47 kY IR ot < Lt B A I e Bt b S st e A ] 4 Wi . L s e e

Volume §

3. Vibriocholerag. . . . . . ¢ v v v v v ¢« o o ¢ s s e s s 0 00 o 114
Etiology and Clinical Disease. . . . « « + ¢« ¢ « ¢« ¢ ¢ &« « o » « « « 114
OCCUITENCE . . . & « & o ¢ ¢« o o o o o o o + o o o s s o o o oo 118
Reservoir . . . . . ... ... P & 8-

Mode of Transmission . . . . . T

- Susceptibility and Recistance. . . . . T ¥4
Environmental Persistence . . . . . . . B § ¥ 4

. Dose Response . . . . . o & ¥
Latency . . . ¢ . . v i i e e e e e e e e e e e e s e e e s . 119
Disinfectants. . . . . . . ¢« v v ¢ ¢ o s ¢ o o o s s o s oo 0. 119

Monitoring Methods . . . . . . e e e e e e e e e s e e e e ... 119
Indicator-Pathogen Relationship . . . . . . . B 5 1
Concentration in the Environment. . . . . . . . . . e e e e e e . 122

References. . . . . . . . .. ... .. .. e e e e e .. 124

4. Pathogenic Escherichiaceli . . . . . . . . .. e e e e e e e .. 129

Etiology and Clinical Disease . . . . . . « ¢« « ¢ ¢« ¢« ¢ ¢ ¢ o« + & . . 129

Occurrence . . . . . . e e e e e e e e e v e e e .. .. 129
Reservoir . . . . . .. .. ... Y K4

Mode of Transmission . . . . . . « « « « « . e e e e e e e . . 130

Susceptibility and Resistance. . . . . . . . . . T K [

Environrnental Persistence . . . . . . . . . . I X 14

DoseResponse . . . . . .. . .. e e s e e e e ‘.......132

Latency . . . ... .. .. e e e e e e s e e e s F T & ¥ ]
Disinfectants. . . . . . . . v ¢ v ¢ v s v v o o s e e 0o e ... 132

Monitoring Methods . . . . . . . e e e e e e e e « o« . . 133
Indicator-Pathogen Relationship . . . . . . . . .. e e e e e e 134
‘Concentration in the Environment. . . . . . . . . . . . . e+« « . 135

References. . . . . . ¢ v v v v o s e 4 4 v e e 4 s e e e s e .. 138

5. Salmonella. . . . .. .. e e e e e e e e e e e e e ... 143

- Etiology and Clinical Disease. . . . . T ¥ K
Occurrence . . . . . . e e e e e e e e e e e e e e e e e e s . 144

. Reservoir ., . . . . . ... .. O | 1)
Mode of Transmission ., . . . . e e e e e e e e e e e e e e e . 144
Susceptibility and Resistance . . . . . . . . . . . . e e e e e . 144

Environmental! Persistence . . . . . . . . . C v e 4 e . e s e s e . 148

DoseResponse . . . . . . v v 4 « & 4 e e e e e e e e e e 147




Latency ....... «& e & @ ¢ & e & 2 & ¢ s & s s
Disinfectants, . . . . . . .

MonitoringMethods . . . . . . . . ¢ ¢ o o 0 v e e .
Indicator-Pathogen Relationship . . . . . . . . .. ..

Concentration in t'e Environment. . . . . e e e e e
References. . . . . . .
6. Yersimia . . . . . . v i i i e e e e e e e e e e e e
Etiology and Clinical Disease . . . . . . . . . . . . . .

OCCUITENCE . . . +v ¢ v v o o o o o o ¢« o o o o o o «
RESEIVOIr . . . . ¢ &« ¢ ¢ v o ¢ o o s ¢ o ¢ e o o o o

Mode of Transmission . . . . . .
Susceptibility and Resistance. . . . . . . . e e e e e
Environmental Persistence . . . . . . . . ... ..,
DoseResponse . . . . . . .. .. ..
Latency . . . « v v v v v v u .. .
Disinfectants. . . . . . . . . . . . .0 e s e 0.
MonitoringMethods . . . . . . . . .. .. ... e e
Indicator-Pathogen Relationship . . . . . . . . . . . ..
Concentration in the Environment. . . . . . . . « . . . .
References. . . . . v v v v v v v 4 4 s 4t et e e e
Appendix B: ViralOrganisms . . . . . . . . . e e e e e e
1. Enteroviruses. . . . . . . . . . . e e e e e e e e
Etiology and Clinical Disease . . . . .« . « « « « « « « &
OCCUITENCE . . . + + 4+ 4o & s = o o o o o o o » . e
Reservoir . . . . . . . ot e e e e e e e e e
Modeof Transmission . . . . . . . v ¢ v o s o & o o o
Susceptibility and Resistance . . . . . . . . e v e e e
Environmental Persistenca . . . . . v . « « ¢« s 4 .
Dose-Response Relationship . . . . . . . . .. .. ..
Latency . . . . . . .
Disinfection . . . . . . « v ¢ ¢ v ¢ o 4 0 4 e e e
MonitoringMethods . . . . . . . . . . . . .. .. .
Indicator-Pathogen Relationship. . . . . . . . . . .. .
Concentration in tha Environment. . . . . . . . . . . .

References. . . . v v v v v v v v e b e e e e e e

viii

Volume 5

.« o o o 147
e e e o o 147
e s s e« 149
e o« o 1581

. .« « 154
e e e e 156
e o o+ . 182
.« o v s 162
. .. . 163
« . e 163
e« o« . 183
. . . 103
e e e . . 183
.. . 164
. . 185

« « « « o 165
e+« « o 185
..... 165
..... 166
..... 168
. 171
..... 171
. e 171

. . 171
. e e s 172
..... 172
. e 174

. e 174
. e e 174

. . 178

. e e e 178
..... 180
. 182
. . . 183
N 189




Volume 5

. Norwalk Agent . . . . . ¢ . v 4 ¢t o v o 4 o 0 o s o s e e e o . 188
Etiologyand Clinical Dis€ase . . . « « ¢« + « « ¢ o« s s o o o « s+ o « 188
OCCUITENCE . + &« v « « & o « o s o o o s o o s o o « s o o o« + 108
RESEIVOIT . . & & & v v v 4 v s 4 o o o o o o o o o o o s o o 197
Modeof Transmmission . . .+ + v ¢ ¢ o ¢ ¢ s o o o o o o o o o o o+ 197
Susceptibility and Resistance . . . « .« ¢« ¢« v ¢ ¢« ¢ 0 s 0 e o o o 197
Environmental Persistence . . . « . « « « ¢« o o o+ o o o o « + - » 198
DoSeRESPONSE . . . v v ¢ v ¢« 4 ¢ 4 o o o s o o« s o o s o o o+ . 188
Latency . . . . . . S £ 1
Disinfection . . . . . ¢ & ¢ v ¢ ¢ ¢ 4 e ¢ s o o s s o s o o o o . 198
MonitoringMethods . . . . . ¢« & ¢ v v o v v 4 o s b e e e e e e 199
Indicator-Pathogen Relationship. . . . . . . . P £

Concentration in the Environment. . . . . . . . . . . e e e e e 199
References. . . . . . . . . ¢« v v v v v v v v o e e v e e ... 200
. Rotavirus ., . . . . . . .. e h e e e s e e e e e e e e e e e . 203
Etiology and Clinical Disease. . . . . . e e e e e e e e e e 203
Occurrence . . . . . . . . e e e e e e s e e e e e . . 203
Reservoir . . . ., . . O 204
Modeof Transmission . . . . . . & v v ¢ o v 4 o o o « o o s o s . 204
Susceptibilityand Resistance . . . . . . « ¢« ¢ ¢ ¢ ¢ o o o o 0 e o s 204
Environmental Persisterice . . . . . . . « « « . . e e s e 4 4 . . . 205

Dose-Response Relationship . . . . . . . . . ¢« .. .« . . . . 205
Latency . . . . . . . . e e e e e e s e e e e e e e e e e 205
Disinfection . . . . . . . . .. 11 |
MonitoringMethods . . . . . . . . . . .. e e e e e e e e . . 205
Indicator-Pathogen Relationship. . . . . . . . . .. .o o .. 207

Concentration in tha Environment., . . . . . . . . . e e e e 207
References. . . . . . . . e e e e e e e e e e e e e e e e e e 208
. HepatitisA . . . . . ., . e e e e e e e e e e e S
Etiolegy and Clinical Diseasa. . . . . . « ¢ ¢« v s ¢ ¢ s o o ¢ o o 212
Occurrence . . , . . . e e e e e e e e e e e e e e e e e . 212
Reservoir . . . . . . v « v ¢« v v ¢« .+ « e e e e e e e e s . 213
Modeef TransmisSion . . & v v v v v v 4 o ¢ o &t ¢« o 2 0 0 e ow s 213
Susceptibilityand lesistance . . . . . . . . v 0 e 0 w0 e . ... 213




iigihi il e ¢ kb A R O L N O A A SR s b S
AR R T T L e B e .

Volume 5 i

Environmental Persistence . . . . . . . . e e e e e e e e e . 214
DOSBRESPONSE . « & v & ¢ v 4 o v ¢ o o ¢ o s o s o + 0 oo o+ » 214
LatenCY . . . . ¢ i e i i i e e e e e e e e e e e s e e e s . 214
Disinfection . . . . . . . . . . . 8
Monitoring Methods . . . . . . . . . e e e e e s e e e e e . 215
Indicator-Pathogen Relationship. . . . . . . . . . . . ¢+ .+ .« . 215
Concentration in the Environment., . . . . . e e e e e e s ... 218 ﬁ
References. . . . . . .. ... S V4 :

Appendix C: ParasiticOrganisms . . .« « ¢« « ¢ ¢ ¢ ¢ o ¢« o o o « o » « . 220 i
1. Entamoeba histolytica. . . . . . . v ¢« ¢ v v e 4 e 4 s e s ... . 220 ‘
Etiology and Clinical Disease. . . . . . . 44 |
Occurrence . . . . . . 75 1

Reservegir . . . . . . . . e e e e e e e e e .3 §
Mode of Transmission . . . . . . . . . . . S ¥ 5 |
Susceptibilityand Resistance . . . . . . . . . + « ¢ & « o e . e . 224
Environmental Persistence . . . . . . . . . . e e e e e e e e s 225
Dose-Response Relationship. . . . . . . . e e e e e e . ... 225
Latency . . . . v ¢« v i e e e e e e e e e e e e e e e e e o . . 225
Disinfection . . . . . ¢ . . i 0 i e e i e e e e e e e e e e e s 226
MonitoringMethods . . . . . . . . . . . O .1
Indicator-Pathogen Relationship. . . . . . . . . . . . . .. e e ool 227
Concentration in the Environment . . . « . « + v o « o o o o o o « o 227

o

.

b AEE e S

Dose-Response Relationship. . . . . . . . . & 1. .
Latency . . . . . . .. e e e e e e e e e e e e e e e e 237 E
Disinfection . . . . . . . e e e e e e e e e e e e . 237

References. . . . . . . . . ... e s e e e e e e e e e e e e s 228

2, Giardia lamblia. . . . . . . . . . e e e e e e e e e e e e e e . 233
Etiology and Clinical Disease . . . . . « « . « + +« + & e e e s . . . 233
OCOUITENCE . . . &« . & ¢ o v v v o o o o o s o o o o o o o s o 233
Reservoir . . . . . . ... ... ot e e e s e e e e e .+ . 233 3
Mode of Transmission . . . . . . . . . . . e s e e e s e e e s e 235
Susceptibility and Resistance . . . . . . . . . . . . G e e e e e e 238 .
Environmental Persistence . . . . . . « « + v ¢« 4« o 4 0 . . . . . . 238 ,

J-:siiicr At it A R o D S A Lot AV il edats M NN i S T s S S e e e e e T A R et L

3




B o cat e e SR IR e o T
Y b O T

TR

- Appendix D:

MonitoringMethods . . . . . . . . . v 0 0 0.
Indicator-Pathogen Relationship. . . . . . . . . .
Concentration in the Environment. . . . . . . . .
References. . . . . . . v ¢ v v v v 0 e v o v

Uncertainties and Research Recommendations

.

JURURPELNT S

Volume 5§

. 239
. 240
. 240
. 242

. 248




Volume 5
LIST OF TABLES

Water-related diseases (worldwide) . . . . . . . . ... ... ... 4

2. Prevalenscs, mortality, and morbidity of major water-related
diseases of Africa, Asia, and Latin America . . . . « ¢« . « ¢« « o « &

5
3. Typical prevalenceofinfections . . . . .. .. .. ¢ ¢+ e e ... B
4. Water-related disease outbreaks in the United States, 1946t01974 . . . 7
5. Classification of water-relateddiseases . . . . . . ... ... ... 8
6. Cause and prevention of water-relateddiseases . . . ... .. ... 8
7. Water-related diseases and routes of transmission. . . . . . . + « . . 9
8. Irfectiousagentcriteria. . . . . « v v ¢ v ¢ ¢« s o o 0 o 0 0 o . . 12
9. SampledJata-baseprintout . . . . . . . ¢ i 0 00 e e e e e e ... 13
10, Data-base key-. . . . & ¢ ¢ ¢« 4 i 4t e e e e e e e e s e e . 15
11. Parameterdefinitions . . . . . . . . 0 4 0 e v e e e s e e e 0. . 22
12. Example of logistic dose-response calcwlation. . . . . . . . . . . . . 23
13. Example of model input parameters; Salmonellatyphi . . . . . . . . . 28
14. Example of model output: Salmonellatyphi. . . . . . .. .. . . . . 29
15. Treatmentefficiencies . . . . . . . . . ¢ v e v v 4 v e o e . .. 33
16. Volumeconsumed sensitivity . . . . « ¢« v ¢ ¢« v ¢« ¢ o « o ¢ o « o . 33
17. Pathogen concentrationsensitivity . . . . . . . . . .. ..+ . . . 33
18. Treatment altemativesensitivity . . . . . . . .. .. ... . ... 35
19. Waterbome pathogenicorganisms . . . . . . . . . . ¢ v o ¢ v o . . 37
20. Shigellaspp. dose-responsedata . . . . . . . . ¢ 4 ¢+ 0. . ... 39
21. Shigells spp. dose-response equation parameters . . . . . . + « . . . 39
22, Possible output of pathogens in feces, sewage, and freshwater . . . . . 40
23, Shigella spp. dose-response equation sensitivity . . . . . . . . . . . . 4
24. Vibrio cholerae-Classical dose-responsedata. . . . . . . . . . . . . 43
25. Vibrio cholerae-Classical dose-response equation parameters. . . . . . 43
28. Vibrio cholerae-Classical dose-response equation sensitivity . . . . . . 44
27. Vibrio cholerae-El Tor dose-responsedata . . . . . . . . . . . . . . 44
28. Vibrio choleras-El Tor dose-response equation parameters . . . . . . . 48
29. Vibrio cholerae-El Tor dose-response equation sensitivity . . . . . . . 48




30.
31.
32.
33.
34.
35,
36.
37.
38.
39,
40.
41.
42.
43.
44,
45.
46.
47.
48.
49,
50.
51.
52.

53.

54.
55.

Volume 5
Campylobacter dose-response data . . . . . e h e e s e s s e e . . 48
Campylobacter dose-response equation parameters . . . . . . . 48
Campylobacter dose-response equation sensitivity. . . . . . . . ... 49
Escherichia coli dose-responsedata . . . . . . . ... ¢+« .. .. 81
Escherichia coli dose-response equation parameters . . . . A - |
Escherichia coli concentrationinwater . . . . . . . . . e« + o . 52
Escherichia coli dose-response equation sensitivity <
Salmonella spp. dose-responsedata . . . . « . . ¢ ¢ ¢ s o s 0 o o . 85
Salmonella spp. dose-response equation parameters . . + « « « + +» « o« 55
Salmonella spp. concentration in water. . ., . . . e e e e e e e 56
Salmonella spp. dose-response equation sensitivity, . . . . . . . . . . 56
Salmonella typhi dose-response equation parameters. . . . . . 59
Salmonella typhi dose-response data. . . . . e e e e e e e e e 59
Salmonella typhi dose~response equation sensitivity . . . . . . . 60
Yersinia spp. risk-assessment results using lognormal equation . . . . . 62
Enteroviruses dose-response equation parameters . . « . « . . .« . 65
Giardia lamblia dose-responsedata . . . . . . « . < . o v . . 67
Entamoeba histolytica dose-response equation sensitivity, . . . . . . . 87
Giardia lamblia dose-response equation parameters . . . . . . . . . . 69
Giardia lamblia dose-response equation sensitivity. . . . . . . 70
Summary: risk-assessment results. . . . . . C e e e e .72
Latency of common waterbome pathogens . . . . . . e e 73
Specified-risk curve: finished (treated) drinking-water
pathogenconcentrations . . . . ¢ « v 4 4 4 4 e 0 6 0 b0 b 74
Alternate-risk curves: finished (treated) drmhng-water
pathogen concentrations . . . . . . . . e e e et e e e e e 77
Estimated number of bacterizl pathogens per mr" on coliforms . . . . . 81
Finished drinking-water concentration cumulative probability of
0.95<5% trOOPSill » - » + b b b e b e e e m e e e ... 81




LIST OF TABLES FOR APPENDICES

Volume 5

Al-l. Occurrence of Shigellaspp. . . . . . T -
Al—z. Dose response for Shigellaspp. . . . . . . . . .. e s e .. . 98
A1-3. Latency of Shigella dysenterize . . . . . . 0. e e . e . . 098
A1-4. Effect of disinfectants on Shigellaspp. . . . . e s e e e s« 99
A1-5. Indicator-pathogen relationship with Shigella spp. e s o« « . 100
Az-l. Occurrence of Campylobacterspp. . . . . . e e e e o o s . 106
Az-z. Dose response and latency for Campylobacter jejuni e e s+« .« 108
A2-3. Hypochlorite effect on Campylobacter . . . . . . . e e e s . . 108
A2-4. Disinfectant effect on Campylobacter . . . . . . . O § 11
A,-1. Occurrence of Vibrio cholerae . . . . . . . c e N & 1
A3-2. Environmental persistence of Vibriocholerae . . . . ... . . . . . 118
A3-3. Dose response for Vibrio cholerae . . . . . . e e e e e e 120
A3-4. Latency of Vibriocholerae . . . . . . . . .. . e e e e e e 120
A3-5. Effects of disinfectants on Vibriocholerae . . . . . . .. . . e .. 121
A3-8. Indicator-pathogen relationship for Vibrio cholerae. . . .. . . . . . 122
A3-7. Environmental concentration of Vibriocholeras . . . . .. . . . . . 123
A4-1. Occurrence of pathogenic Escherichiacoli. . . . . . ... . .. . . 1N
Ag-2 Effect of salinity on Escherichiacoli . . . . .+ . . ... . . . . . 133
A4-3. Dose response for pathogenic Escherichia coli . . e e s s . . 134
A4-4. Latency and duration of pathogenic Escherichiacoli .. .. . . . . 135
A4-5. Indicator-pathogen relationship for Escherichia coli . 136
A4-6. Concentration of Escherichia coli in the environment . . . . . . . 137
As—l. Occurrenceof Salmonellaspp. . . . v ¢« v ¢« ¢ v v v e v v s o o . 145
As-z. Dose response for Salmonella typhi. . . . . . e e s e s e s e e o . 148
A5-3. Dose response for Salmonellaspp. . . . . .+ . . . e » « o . 148
A5-4. Latency for typhoid fever. . . . . . e e c e e s s . 149
A5-5. Latency forsalmonellosis . . . . . . . . . .. P ¥ £
A5-6. Effect of disinfectantson Salmonella. . . . . . . .. « v+« .+ 150
A5-7. Indicator-pathogen relaticnship for Salmonella spp. .« .. 152
A5-8. Salmonella concentration in the environment . . 155
AB—I. Occurrence of Yersinia spp. . . . « « « v v ¢ v « v & . 164
AB-Z. Dose response and latency for Yersinia enterocolitica. . . . . 166
Aa-a. Indicator-pathngen relationships for Yersiniaspp. . . . . . . . . . . 167
AB-4. Concentration of Yersinia in the environment . . . . ... . .. 167

xiv




B, -1,
B.-2.
B,-3.
B,-4.
B,-5.
B,-6.
B,-7.
B,-8.
Bq-9.

e peb peb pd b b

B4-10.

B,-11.

-

w
w

| i
[ I

B

o(d

NNNN‘-tl
Lol o

(@]

C,-2.

0
'
bl

C,-4.

=

-
L]
—

Theenteroviruses . . . . . « v 4 o « o e e e e e e

Attack rates of the enteroviruses . . . . . . . .

Survival of enteroviruses in riverwater . . . . . .
Survival of enteroviruses in ocean water . . . . .

Volume 5

Effects of salinity and incubation temperature on virus survival . . . . .

Infective doses of enteroviruses . . . . . . . . « .
Disinfection of enteroviruses . . . . . . . . . .

Hours to 99.7% inactivation, Polio 1, 25°C. . . . .

Hours to 99.7% inactivation by 1 ppm combined residual

cl,25°C. . ....... e e e e e e e e

Reduction of enteroviruses by water- and sewage-
treatment procossess. . . . . . e e s e e e e

Concentration of enteroviruses in the environment .
Disinfection of SA-11 rotavirusby HOCl . . . . .

Inactivation of rotavirus {fluorescent foci). . . . .

Attack rates of Entamoeba histolytica . . . . . .
Attack rates of Giardia lamblia . . . . . . . . .
Dose response for Giardialamblia . . . . . . ..
Disinfection of Giardia cysts with chlorine . . . .
Disinfection of Giardia cysts by emergency methods
Summary of potential topics for future research . .

----------

172
173
175
175
175
176
177
180

180

181
184
206
206
222
234
237
238
239
249




p—
. .

>N

8.
7.
8.

10.

11.

12,

13‘

14.

15.

18.

17.

180

LIST OF FIGURES

Factors associated with health risks from drinking water . . . .

Diagram of generalized screening procedure. . . . . . . . .

Diagram of general data-base developmentplan . . . . . .

Relationship between dose distribution, dose-response
curve, and riskof illness . . . . . . . e e e e e e e .

Cumulative-risk curves showing effect of change in
treatment efficiency on the risk of becoming ill with
typhoidfever . . . . . . ¢ . . 0 e e e e e e e e e

Dose-probability distributions . . . . . . . . ... ...
Flowsheet for risk-assessmentmodel . . . . . . ... ..

Example of cumulative-risk curve showing the risk of
becoming ill with typhoid fever . . . . . . e e e e e

Cumulative-risk curves showing effect of organism-
concentration parameters on the risk of becoming ill with
typhoid fever . . . . . . .

Cumulative-risk curves showing effect of change in
treatment efficiency on the risk of becoming ill with
typhoidfever . . . . . . . . . ..

Cumulative-risk curves showing effect of treatment
efficiency, organism concentration, and water intake on
illness resulting from consumptmn of Shigella spp in

Volume §

38

drinking water. . , . . . . . e e e e e e e e e e e e e .. 42

Cumulative-risk curves showing effect of treatment
efficiency on illness resulting from consumption of Vibrio

cholerae Classical in drinking water in developing countries . . . . . . . . 45

Cumulative-risk curves showing effect of treatment
efficiency on iliness resulting from consumption of Vibrio

cholerae E! Tor in drinking water in developing countries . . . . . . .

Cumulative-risk curves showing effect of treatment
efficiency and organism concentration on illness resulting
from consumption of Camnyvlsbactar in drinking water

Cumulative-risk curves showing effect of treatment
efficiency and organism concentration on illness resulting
from consumption of E. coli in drinking water . . . . . . .

Cumulative-risk curves showing effect of teeatment
efficiency and ourganism concentration on illness resulting

from consumption of Salmonella spp. in drinking water . . . . . . . . . . £7

Cumulative-risk curves showing effect of treatment
efficiency and organism concentration on illness resulting
from consumption of Salmonella typhi in drinking water .

Cumulative-risk curves showing effect of treatment
efficiency and low initial organism concentration of
Salmonella typhi on the onset of typhoid fever . . . . . . .

61



19,
20.

21.
22.
23.

24.
25.

28.

27.

Lognormal dose-response relationship for Yersiniaspp. . . . . .

Cumulative-rick curves showing effect of treatment
efficiency and organismn concentration on illness resulting

from consumption of Yersinia spp. in drinking water . . . . .

Cumulative-risk curves showing effect of treatment
efficiency on illness resulting from consumption of

enteroviruses in drinking water . . . . . . et e e e e e

Cumulative-risk curves showing effect of treatment
efficiency and organism concentration on illness resulting
from consumption of Entamoeba histolvtica in drinking water

Cumulative-risk curves showing effect of treatment
efficiency on illness resulting from consumption of Giardia

lamblia in drinking water . . . . . . . . . e e e e s e s

Cumulative-risk curves showing effect of improved
treatment efficiency and precise reduction of organism
concentration on illness resulting from consumption of
Salmonella spp. in drinking water. . . . . . . e e e e

Cumulative-risk curves showing effect of improved
treatment efficiency and precise reduction of organism
concentration on illness resulting from consumption of
Shigella spp. in drinkingwater. . . . . . . . C e e e e

Relationship between the ratio of Salmonella typhx per
million total coliform bacteria and morbidity rates,
expressed as cascs of typhoid fever per thousand individuals .

Cumulative-risk curves showing effect of troop size on
illness resulting from consumption of enterovirus in drinking
WatBr . . . . st e e e e e e e e e e e e e

Volume 5

. . 75
. . 76
. 79

. . - L 4 L L . 86




Volume 5

EVALUATION OF MILITARY FIELD-WATER QUALITY
Volmne 5. Infectious Organisas of Military Concern
Associated with Consumpticn: Assessment
of Heaith Risks and Recommendations for
Establishing Related Standards

ABSTRACT

Considerable interest exists in establishing realistic standards for water quality as
related to the transmission of infectious disease. The development of such standards is a
compiicated {ask that consciously, and frequently subconsciously, involves the concept of
risk assessment. In the context of cur study, risk assessment invoives tha relationship
between the concentration of a pathogen in water and the likelihood of disease occurring
in individuals who drink the water. A mathematical model was developed to take into
account the variability of the pathogen concentration in water, and hence the dose, as well
as the biological variability inherent in the dose~response relationship. An interactive
computer program was developed that allows the user to select the organism of interest,
the amount of water consumed, the ({reatment-altemative removal rate, the pathogen
concentration, the dose-response model, and the number of susceptible individuals. Based
on the users’' selections, a computer-generated risk curve is produced.
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INTRODUCTION

This volume is divided into two parts, a main body and accompanying appendices.
The report is the discussion of health risks and recommendations for establishing standards
for infectious organisms in drinking water. It includes the screening methodology used to
identify high-priority waterborne pathogens; the mathematical model developed to assess
the health risks associated with these pathogens; and recommendations based on use of the
model for the development of appropriate drinking-water standards. In cases where
certain information on an infectious agent is either lacking, ambiguous, or contradictory,
the most conssrvative data are used in the application of the assessment model. The
appendices represent the data base used for assessing the health risks. Emphasis in these
appendices is placed on the occurrence and concentration of the pathogen in the
environment, dose-response relationships, and indicator organism-pathogen relationships.
Readers desiring further details or support of statements made in the report should refer
to the appropriate appendix.

The first step in quantifying health risk required the development of a detailed
description of the risk and consideration of known factors contributing to this risk. As
indicated in Fig. 1, the risk of illness is dependent upon the interaction of human,
environmental, and exposure factors. Ideally, the risk could be calculated based on
exposing a user population to various concentrations of the pathogens of interest. The
incidence of adverse reactions would then be measured and the level of risk calculated.
Obviously, such studies cannot be performed. However, an approximation can be made by
using data from outbreak reports, epidemiological studies, and animal or human feeding
studies.

SCREENING OF WATER-RELATED DISEASES

The general procedure used for identifying diseaces, and ultimately the pathogens of
concern, is shown in Fig. 2. As presented, the first step involves the identification of, as
well as the gathering of data on, the prevalence, morbidity, and moriality of all
water-related diseases.

In general, water-related diseases affecting man's health are widespread throughout
the world but are most abundant in developing countries. To identify those pathogens that
present the greatest risk to military personnel, a list was compiled (Table 1) of the
communicable diseases in man’ that are transmitted via water. Data on the prevalence,
mortality, and morbidity of water-related diseases are shown in Tables 2 through 4.
Table 2 identifies the most significant water-related diseases endemic to less-developed
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Figure 1. Factors associated with health risks from drinking water.
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Table 1. Water-related diseases (worldwide).
Water-related diseases
Bacterial Viral Parasitic
Aeromonzs Enterovirus diseases Acanthamebiasis
Cholera Gastroenteritis Amebic dysentery
Conjunctivitis (Norwalk agent, rotavirus) Ascariasis
Dermatitis Hepatitis A Balantidial dysentery
Leptospirosis Arboviral diseases ) Dracontiasis
Melioidosis Giardiasis
Salmonellosis . Hookworm
Shigellosis Malaria
Typhoid fever Meningoencephalitis
Trachoma Onchocerciasis
Travelers' diarrhea Schistosomiasis
Tularemia Sleeping sickness
Yersiniosis (Trypanoscmiasis)
Trichuriasis

countries baced on estimates of prevalence, mortality, and morbidity. Table 3 provides an
estimate cf the prevalence (as a percentage f the population) of the major water-related
pathogens in developing countries, as well as the United States. Table 4 summarizes the
etiology of waterborne disease outbreaks in the United States for the period 1946 to 1974.
As shown in Table 4, roughly half of the outbreaks (48% from private water systems and
52% from public water systems) were reported as acute gastroenteritis, for which no
etiological agent was found. Recently, however, several eticlogic agents (including
Giardia lamblia, Yersinia enterolitica, enteropathogenic Escherichia coli, Norwealk agent,
and rotavirus) have been identified as the causative agents for many of the disease
outbrsaks associated with drinking water. Therefore, it is likely that some of the earlier
cases of gastroenteritis of unknown etiology were caused by these agents.

Water-related diseases were then classified by route of transmission. In this

consideration, a distinction was made between various types of disease and the importance
of water in their transmission. This approach has been suggested by White and Bradleylz
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Table 2. Prevalence, mortality, and morbidity of major water-related diseases of Africa,
Asia, and Latin America.?

Prevalenca Deaths Disease

Infection Growp?  (10° infections/y) wdy 1oty
Diarrhea v 3-5,000,000° 5-10,000  3-5,000,000
Amebiasis v 400,000 30 1,500
Ascariasis v 800,000~1,000,000 20 1,000
Poliomyelitis I 80,000 10~-20 2,000
Typhoid v 1,000 25 500
Schistosomiasis m 200,000 500-1,000 20,000
Malaria v 800,000 1,200 150,009
Onchocerciasis

Skin v low 2-5,000

River blindness 1\ 30,000 20-50 200-500
Filariasis v 250,000 low 2-3,000
Dengue v 3-4,0C9 0.1 1-2,000
Hookworm d 7-900,000 50-80 1,600
Trichuriasis d 500,000 low 100

3 Adapted from Ref. 2.

bGmups: I =« waterbormne, I = water-washed, III = water-based, IV = water-related
insect vectors.

€ 3-5,000,000 means 3,000 to 5,000,000,000 infections/y.
d Transmitted by contact with contaminated soil.

and is based upon four mechanisms by which diseasa may be related to water. Tabla 5
provides a summary of the classification scheme, and Tabie 8 outlines the causative
factors and corresponding preventive strategy for each transmission category.

The final screening task was to compare the reported prevalence, mortality, and
morbidity data against the list of diseases and to identify those diseases requiring study.
Diseases marked with an asterisk in Table 7 were evaluated within this study. The other

diseases are covered in a companion report on water-washed and water-based dis=ases. 14
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Table 3. Typical prevalence of infections.

Prevalence

Developing country? United States
Pathogen % of population
Enteric viruses 5 -
Salmonella 7 <1
Shigella 7 <1
Vibrio cholerae 1 —
Pathogenic Escherichia coli -— 1-8
Entamoeba histolytica 30 0.8-5
Ascaris 60 1-12
Trichuris eob —
Hookworm 40b 2.7
Schistosoma mansoni 25 -
Taenia saginata 1€ -
Giardia lamblia - 3.8-9.2

8 Adapted from Ref. 3.
b Transmitted by contact with contaminated soil.

€ Transmitted by eating raw or inadequately cooked, contaminated meat.

WATERBORNE DISEASES

A waterborne disease is one in which water acts as the passive vehicle for the
infecting agunt. This category is composed of pathogens origina*ing in fecal material and
transmitted via drinking water. Poor water quality, in a biological sense, is the
predominant factor governing the incidence of these diseases.

WATER-WASHED DISEASES

Water-washed disesses are of two main types. The first type involves infections of
the intestinal tract, generally through the fecal-cral route, and often leads to diarrhea.




Table 4. Water-related disease outbreaks in the United States, 1946 to 1974.2

Public water systems

Private water systems

Disease Number Percent Number Percent
Gastroenteritis (unknown etiology) 71 52.2 153 47.6
Infectious hepatitis 22 16.2 44 13.7
Shigellosis 13 9.6 33 10.3
Chemical poisoning 8 5.9 13 4.1
Giardiasis 7 5.1 8 2,5
Typhoid 6 4.4 51 15.9
Salmonellosis 6 4.4 . 2.8
Amebiasis 1 0.7 1.3
Poliomyelitis 1 0.7 - -
Enteropathogenic Escherichia coli - - 1.3
Tularemia -— - 0.8
Leptospirosis 1 0.7 -— —
Total 138 100 321 100

2 From Refs. 10 and 11.

The second type involves infections of the skin and eyes. The availability of water for
personal hygiene, regardless of quality, appears to play a major role relative to the spread

of these diseases.

WATER-BASED DISEASES

Water-based diseases include those infections where a necessary part of the life
cycle of the infecting agent occurs in an aquatic animal (e.g., snail) and repeated
infections are necessary to build up a debilitating number of parasites in humans. All such
infections are caused by parasitic worms; for example, the worm penetrates the skin, as
with schistosomiasis, or is ingested, as with guinea worm. Diseases in this category result

primarily from contact with the source of the water supply.
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Table 5. Classification of water-related diseases.2

Transmission
category Transmission pathway
Waterborne Fecal-oral infections via ingestion of drinking water.
Water-washed Fecal-oral infections via direct contact with wash water (e.g.,

' swimming, washing, laundering, etc.).

Skin and eye infections via direct contact with wash water.

Water-based Helminth (parasitic worm) penetrates skin or is ingested.
Water-related Insects breed in or bite near water.

insect vector

a Adapted from Refs. 12 and 13.

Table 6. Cause and prevention of water-related diseases.2

Transmission category Causative factors Preventive strategy
Waterborne Poor quality of water Improve water quality.
Water-washed Insufficient quantity Increase water quantity.

of water Improve hygiene.
Water~based Contact with source Decrease need for contact.

of water supply Control snail population.
Water-related insect Proximity to water Improve water management.
vector and related vectors Decrease need to visit breed-

ing sites.

a Adapted from Refs. 12'and 13.
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Table 7. Water-related diseases and routes of transmission.

Routes of transmission
Water-related diseases (worldwide) Waterborne Water-washed Water-based

Bacterial diseases
Bacillary dysentery (Shigella spp.)*
Cholera (Vibrio cholerae)*

- Diarrhea (Campylobacter)”
Diarrhea (Escherichia coii)*
Leptospirosis (Leptospira spp.)
Salmonellosis (Salmonella spp.)*
Typhoid fever (Salmonella typhi)*
Skin infections (Pseudomonas spp. and

Staphylococcus spp.)
Yersiniosis (Yersinia spp.)*

Viral diseases
Enteroviruses*
Gastroenteritis, Norwalk agent
and rotavirus®*
Hepatitis A (hepatitis virus)*

PP D4 PE e 4

[ M MMM | M

Mo M
>
|

> 4
"

Parasitic diseases
Acanthamebiasis (Acanthamoeba spp.)
Amebic dysentery (Entamoeba histolytica)*
Ascariasis (Ascaris lumbricoides)
Balantidium dysentery (Balantidium coli)
Dracontiasis (Dracunculus medinensis)
Giardiasis (Giardia lamblia)*
Meningoencephalitis (Naegleria spp.

and Acantharnoeha spp.)

Schistosomiasis {Sciistosoma spp.)

2| 44
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Indicates that the risk assessment was conducted in this study.

WATER-RELATED INSECT VECTORS

The category, water-related insect vectors, includes those diseases that are spread
by insects that either breed in water or bite near water. Malaria and yellow fever are
transmitted by mosquitoes that breed in water, whereas trypanosomiasis (Gambian
sleeping sickness} is transmitted by the tsetse fly that inhabits areas near water. A
person's proximity to water and to related insect vectors is an important factor in the
transmnission of this disease type. Diseases in this latter category, howaver, ars not
included in this report because the military has assigned them to a separate program.
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DATA-BASE DEVELOPMENT
LITERATURE COMPILATION

To achieve an adequate literature review, a systematic work plan was constructed as
shown in Fig. 3. The emphasis was primarily on recent literature (after 1970).

The criteria shown in Table 8, selected for each disecase agent, were derived from a
study of basic reference works, recent review articles, the periodical literature, and an
overview of related subjects in published collections of journal austracts. The review
involved the following sequence:

e Identification of relevant infectious agents criteria;

*  Assembly of bibliographic references;

e  Acquisition of pertinent literature;

e Extraction of relevant information;

¢ Development of a computerized index and data base;

¢ Evaluation of the data.

As shown in Fig. 3, generation of the data base was cyclic (i.e., continually updated.
thus including most, if not all, of the current literature pertinent to the investigation). It
is estimated that approximately 3200 relevant abstracts were scanned for selection of
those most appropriate. The journals, WRC Information* and Current Contents.f were
reviewed for pertinent material. In addition to the manual methods of literature review,
the Medline and Aqualine computer data bases were used to retrieve relevant abstracts.
Medline corresponds to three printed indices: Index Medicus, Index to Dental Literature,
and Intemational Nursing Index, covering over 3000 international journals. Aqualine

provides access to information on every aspect of water, wastewater, and the aquatic
environment, citing over 400 worldwide periodicals, research reports, books, etc. From
the aforementioned lists of abstracts, approximately 1200 articles were retrieved and
read, and approximately 700 were abstracted and included in the data base. From the 700
articles, books, reports, proceedings, and other sources, approximately 500 abstracts were

* WRC Infonmation is the weekly journal of the Water Research Center, Medmenham,
Marlow, Bucks SL72HD, UK.

t current Contents is a journal for life sciences and agriculture, biology, and
environmental sc’* ces. It is published by the Institute for Scientific Information,
Philadelphia, PA 19104.
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Figure 3. Diagram of general data-base development plan.

chosen for reference and inclusion in this report. We believe that we have identified most,
if not all, of the pertinent literatura retrievable by feasible methads.

DATA BASE

A significant porticn of the litsrature was devoted to the development of a
computerized, command-driven, relational data-base system. The dBase II system,
developed by A.shton—'l'ate,ls was the data-management software used for this task; the
software and manuals are readily available. Over 700 articles are included within this
data base. The data-base files, togather with the dBase II software, allow easy access and
retrieval of the key criteria listed in Table 8. A sample printout from the data base for
one complete article is shown in Table 9. The data-base key is shown in Table 10.

RISK-ASSESSMENT METHODOLOGY

Risk assessment, in the context of this project, ccncems the relationship between
the concentration of a pathogen in water and the likelihood of disease occurring in troops
who drink this water. Figure 4 is a diagram of this relationship that stresses the
variability of the pathogen concentration in water and, therefore, tha dose, as well as the
biological variability inherent in the dose-response relationship. In this conceptualization,

11




Table 8. Infectious agent criteria.

Criteria categories Category content

Occurrence Worldwide distribution of disease

Latency Incubation period

Persistence © Survival time in final infective stage

Infective dose ~ Dose data

Attack rate Response data

Multiplication Multiplication outside human host

Route of transmission Waterborne, water-washed, etc.

Disinfectant resistance In disinfected water

Indicator organism-pathcgen relationships Coliform numbers relative to pathogen
concentration

Prevalence Infection rate

"we recognize wide variations in the concentrations of pathogens that might be
encountered in the field, and we account for this variability to arrive at a realistic
estimatz of the risk of disease. Moreover, the classical dose-response relation links a
particular dose with the fraction of an exposed population responding. The slope of this
curve is a descriptor of the biological variability in the population response to this agent.
A steep slope corresponds to a low level of variability; conversely, a flat slope corresponds
to & high level of variability. When considered together, both sources of variability lead
not to a specific level of risk, but to a distribution of risk across the exposed population.
Here the term "risk” is used to denote the fraction of a large population that will develop
the diseezse. The important conclusion is that risk is inherently probabilistic, and its
assessment must be carried out in that context.

If we were dealing with large numbers of axposed individuals, the issue would be to
estimate the risk distribution shown in the top right diagram of Fig. 4. However, the
present problem is more complex because tha number of troops exposed to a given dose
may be small. We chose to deal with this by assuming that each individual within a squad
or platoon-sized group was exposed to the same dose and that the total number of troops
was comprised of these smaller dose units. Therefore, our attention is focused on the
small group and the probability of illness thersin,

Before becoming immersed in the detail of these calculations, we consider first the
form of the final result because its interpratation is not intuitively obvious. The final

12
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Table 9. Sample data-base printout.

Volume 5

RECORD # 00020

REFCQODE
SEQNUM

TITLE

E.'ITATION
YEAR

Craun 78 :

12
CITATOR :pgb:
AUTHOR:LST:Craun G.F.

*Waterborne Outbreaks of Giardiasis® in Jalubowaki &
Hoff, eds., Waterborne Transmission of Glardiasis: Proceedings of a
Sympesium, US EPA

:EPA Office of R&D, Env. Ressarch Center, Cincinnatl, Chio

(1978) :

KEY:WORD 'Giardiaais. chlorination, filtration. outbreak, coliferm
count. Ciardia lamblia, giardiasis

LOCATION
LATENCY
ATKRT
PESIST
MID
PROPHO

worl.dwida :
iY:
2Y:
Y:
H 'S
Y

RECORD # 00020
fresh ¢

CONENV

OISINTYPE :

RECORD # 00020

REFCODE
ABSTRACT
ABS|
ABS2
ABS3
ABS4
AB8S5
ABSé
ABS?
ABS8
ABS9
ABS10
ABSi1
ABS12
ABS13
ABS!4
ABS{S
ABS16

%% 85 68 BL S0 3 ST B9 4% BE S0 GE G e e 85 o8 oo

Craun 78:

Data are prazentsd on waterborma cutbreasks of
giardiasis affecting travelers to foraign countries,
e3p. the USSR, and resicdants in the US. 23 outbraaks
on the US reported since 1965, Usually in mountainous
areas of tha US: New England, the Pacific Northwest,
and tha Rocky mountains. Generally involves smalil
municipal systams, cr sami-public systams, or
untrestsd watsr., Mcat coma from censuming
untreated or only chlorine treatsd surface water,
Nagative results of coliform tasts do not provids a
guarantso that water is free of Glardia cysts. Attack
rate is of visitors to Leninrad who drank tep watar, In
Colorado mountsin streams, thara are up to 550 focal
coliforms /100ml, This figura may ba low. In the
Rome, N.Y. outbrask, with 4800 cases, ons cyst was
fe~lated from | miillon liters of raw water from the
plant intake.

13
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Table 9. (Continued)

RECORD # 00020

REFCOOE : Craunig :
LAT:MAX s 56 :
LATMIN : 7 :
LAT:AVE : :
ATKRTEMAX : 330 :
ATKRTEMIN : 230 H
ATKRTEAVE : :
PESIST 2 to 3 months in host.

MULTOUTHST :no
MIDMA X
MIDMIN
MIDAVE :
RTETRANS :fecal-oral :

SIGIMMUN 2

PROPHO yes

PROPHOTYPE :Filtar wzater in acdition to chlorination of surface
water, proceced by ssdimentation Or coagulation.

OPPORTUNE : .
OPTENVTEMP :low
OPTENVSAL : :

e 86 oo
e 90 oo

RECORD # 06020
OPTENVPH
ENVRANGE
DasE|
OQsSE2
DOSES
DQOSE4
DOSES
REsSP]
RESP2
RESP3
RESP4
RESPS :
INDPATH Negative results cf coliform tasts don’t provids
asturance that watar is free of Glardis Cysts, Positive results often
correlats with outbreaks.

® te 2 ¢ 50 90 2e €0 G0 €0 44 as

s 48 o e e
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Table 10. Data-base key.

Volume 5

Field Item

REFCODE reference code

SEQNUM sequence number

CITATOR initials of citator

AUTHOR:LST list of authors

TITLE title of article

CITATION journal, book, report

YEAR year of publication

KEY:WORD list of key words

LOCATION country, state, city of research
LATENCY information in article, yes orno, Y/N
ATKRT attack rate information in article, Y/N
PESIST persisté:nce information in article, Y/N
MID median infective-dose information, Y/N
PROPHO prophylactic information, Y/N
CONENV type of water in which the organism is found
DISINTYPE type of disinfectant

ABSTRACT citator abstract

LAT:MAX, LAT:MIN, LAT:AVE
ATKRTEMAX, MIN, AVE '
MULTOUTHST

MIDMAX, MIDMIN, MIDAVE
RTETRANS

SIGIMMUN

PROPHOTYPE

OPPORTUNE

OPTENVTEMP

OPTENVSAL

'OPTENVPH

ENVRANGE

DOSE1

RESP1

INPATH

maximum, minimum, average latency data
maximum, minirnum, average attack rates
multiplication outside host

median effective-dose data

route of transmission

immunity data

prophylactic type

cpportunistic organism

optimum environmental temperature
optimum environmental salinity

optimum environmental pH

description of environmental conditions of research
disinfectant dose

organism responsa

indicator pathogen relationship

15




Froquency
Fraction iN
Froquancy

Dote Dose Response fraction
{dose distribution) {dose-response curve) (fraction ill)
1.0
Low-risk
> oanrve
’! .
3
5 High-risk
curve
0 ~
o Fracticn it 10

{cumutstive risk distribution)
Figure 4. Relationship between dose distribution, dosa-response curve, and risk of illness.

result is shown conceptually in the bottom diagram of Fig. 4. Figure 5 shows an example
of an actual risk curve. These are cumulative distributions that give the probability that
the fraction of troops that tecome il! is less than or equal to the number on the abscissa.
For example, for the high-risk scenario, where there is no treatment of heavily
contaminated watar, the probability is 0.28 (line A in Fig. 5) that the fraction of troops ill
will be less than or equal to 0.4. For that same fraction ill, the corresponding cumulativ~
probabilities for the medium-risk and low-risk scenarios are 0.53 (line B) and 0.85 (line C),
respectively. These numbers can be put in perspective by noting that a risk-free situation
would be one in which the probability is that the fraction ill is zero or, on the figurs, the
risk-free situation could be depicted by a singls point at (1,0). Hence, the lower the risk,
the closer the cumulative distribution will be to this point. These cumulative curves
frequently begin at nonzero probabilities, as exemplified by all three curves in Fig. 5.
These values give the probability that no illness will occur; this is consistent with the
risk-free limiting situation discussed previously.

A final comment on ths intarpratation of the cumnulative-probability curves is
suggested by the high-risk curve in Fig. 5, Note the abrupt change in slope at the illness
fraction of 0.9. This abruptness is, in part, an artifact of the method of plotting the data;
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Figure 5. Cumulative-risk curves showing effect of change in treatment efficiency on the
risk of becoming ill with typhoid fever. All curves were determined using (1) n = 20 troops
and ill - diszase symptoms; (2) a logistic dose-response relationship; (3) a dose distribution

with a eesmetric mesn (GM) = 172 organisms/L and a gecometric standard deviation

(GSD) = 98; and (4) treatment efficiency equivalent to either no treatment, 1 to 2 log
temovals, or 2 to 5 log removals (as noted in figurs). Log removal(s) = the logarithm of

the factor of reduction in number of orgenisms per liter (e.g., if initial concentration of
organisms = 10%/L and this concentration of organisms is reduced by treatment to 250/L,

then log, (108/250] = 3.8 log removals).

however, the curve does have the general shape shown. In perticular, the probabilities
given for the illness fractions of 0.9 and 1.0 are exact. The difference betwsen thesa two

probabilities is tha probability that the illnass fraction will lie in the interval batween 0.9

17
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 and 1.0, in this case about 0.50. This situation is clearly one of high risk. The point,
however, is that the difference in probability at any two points on the cumulative curve
gives the probability that the illness fraction lies between ths corresponding points on the
abscissa.

LINKING EXPOSURE TO RISK

Linking exposure to risk requires first that the distribution of pathogens in the raw
water be specified; that is, the parameters describing this distribution are input data to
the risk-analysis procedure. The second input is a dose-response function that is assumned
to be known without error. Subtle distinctions exist between uncertainty and real
environmental variability. A major component of this analysis is dealing with variability
in the dose that may be encountered by troops. The possibility of also dealing with
uncertainty in the dose-response relationship is a subject for future research.

If the pathogen distribution is assumed to be specified, the next step is to determine
the relationship between concentration in the raw water and dose to the squad. Two other
factors that we consider are treatment efficiency and the volume of water consumed. The
dose-concentration relation is then:

D-V(1-E)C (1)
where .
D = number of organisms consumed,
V = volume of water consumed,
E = fraction of organisms removed by treatment, where 1 equals complete
removal,
C = concentration of organisms in raw (untreated) water.

As with the conceniration of organisms in the raw water, both treatment eificiency
and the volume of water consumed are subject to variability. Because of the
multiplicative relation given in Eq. (1), the variability of V and E clearly contributes to
that of D. Therefore, the task is to determine the distribution of D from that of V, E, and
C. That is, the distributions of volume consumed and of treatment efficiencies are also
data inputs required to accomplish this calzulation. Figure 6 shows these distributions
schematically. For this analysis we assumed the pathogen concentration distribution to be
logxmrmal,m'" the trsatment-efficiency distribution to be uniform, and the consumption
distribution to be normal. Uss of the lognormal disiribution to represent the
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Figure 6. Dose-probability distributions. PDF = probability density function, which
indicates the probability that the value of a continuous rancom “ariable will be less than
or equal to a specific value selacted on the x axds {e.g., V, E; &, ar D).

concentration of pathogens (C) in water is well ectablished in the literature.ls'w Data
wers not available to support uss of the uniform distribution to represent treatment
svstem efficiency (E) and the normal distribution to represent the volume of water (V)
consumned. However, use of these distributions appears both reasonable and practicable,
given the lack of data.

The mixture of distributional forms adopted for V, E, and C means that an analytical
approach to the calculation of tha probability density functicn of doss, PDF(D), would not
be practical. Therefore, a Monte Carlo approach was taken, which involves random
selection of samples from the V, E, und C distributions and calculation of a value for D.
Repetition of this process many times results in an estimate of the distribution of D. The
larger the number of repstitions, the better the estimate of PDF(D). However, because
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the distribution of D is only an intermediate step on the way to the calculation of the risk
distribution, g(8), where © = proportion ill at dose D, and because the dose-response
function is assumed to be known exactly, it is possible to obtain a value directly for each
set of values of V, E, and C. That is, the Monte Carlo process results in an estimate of g(el.

Four mathematical models'®'19 were chosen to represent the dose-response data
found in the literature. These include

Logistic:
o - sy S @
1+e 08
where
© =« fraction of an exposed population that becomes ill (i.e., response to a given

dose),
M « shape paramneter for the distribution,
shape parameter for the distribution,
D = dose of organisms.

Z
]

Beta:
0=1-[1+(DR))"*, 3)
where

@ = fraction of an exposed population that becomes ill (i.e., response to a given

dose),
D = dose of organisms,
= shape parameter for the dis{ribution,

a = shape parameter for the distribution.

Exponential:
0=1-eD, (4)
where
0 = fraction of an exposed population that becomes ill (i.e., response to a given
dose),

r = fraction of an exposed population that becomes ill per unit dose,
D « dose of organisms.

20
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Lognormal:
7 .2
1 -27/2
p=— fe dz , (s)
en -nf
where
-m<z <27,
© =« fraction of an exposed population that becomes ill (i.e., response to a given
dose),

Z « an upper limit of(lnD-pg)/oQ,
D = dose of organisms (number),

By = In (GM),

o = In (GSD).

For any particular pathogen, the model is matched to the data by finding the model
parameters that give the best fit, usually in a least-squares sense. Definitions for the
parameters within these équations are shown in Table 11. We will discuss the equation
parameters for the logistic model in the next section; the calculations are shown in
Table 12. References 18 and 19 should be revieswed for calculation of the parameters
associated with the beta, exponential, and lognormal models. )

Recall that ths risk, 8, is the fraction of an exposed population that becomes ill.
Hence, 6 ranges from zero to one, and its distribution is continuous over this interval. The
beta-distributional form has these properties and, for theoretical reasons that will be
discussed, it is convenient to treat g{(@) as being beta-distributed. The values of 8 obtained
from the Monte Carlo simulation are then used to estimata the parameters of the beta
distribution describing g(6).

The problem now addressed is that of calculating the distribution of the number of
illnesses, X, in a group of n men exposed to a risk of disease given by €. To accompiish this
task, we assume that the conditional distribution f{x |6) is binomially distributed. This is
a sensible assumption because the fraction ill would be 6 if the group were very large. The
binomial assurnption is then:

f(xe)= ()" (1-9)"7. (6)
Now, according to the definition of conditional probability,

f(x|9)=f(x6)/g6) for0<@<1;0<x<n;or
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Table 11. Parameter definitions.

Symbol

Definition

= Qo 0N
."gz

o

>
¥

PO <OM M I D>

mean

standard deviation

lower treatment efficiency

upper treatment efficiency

geometric mean

geometric standard deviation

uniform random number (0,1)

desired number of different values

coefficients <m

normal random deviate

pair of uniform random numbers

treatment efficiency (uniform distribution)
pathogen concentration, organisms/liter (lognormal distribution)
volume of water consumed, liters (normal distribution)
dose of organisms (number)

response (the proportion ill) to a given dose (D)
logistic dose-response equation parameters
beta dose-response equation parameters
exponential dose-response equation parameters
estimates of beta-distribution parameters
probability of x illnesses or less

number of ill troops

number of exposed troops

In (geometric mean, GM)

In (geometric standard deviation, GSD)

mean of responses (0)

variance of responses (6)

A R AT
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Table 12. Example of logistic dose-response calculation.

Consider the following dose-response data for a bacterial pathogen:

Dose x; = log (dose) n; (subjects) ﬁ, (response)
(organisms) S
1x 10 4 10 0.01
5 x 10° 57 10 0.1
5x10° 7.7 10 0.5
x; = log (dose) Yi= ln[;!}/(l-;ﬁ)] wj=n{ 6, (l—ﬁi)
4 -4.569 0.099
5.7 -2.20 0.9
7.7 0 2.5

The transformed p values or "logits” ‘(yi) with weights w give

X i, - 7.08;
Ewi
Y- M -0.89;
2“’1
Q_ZWi(Xi- X yi-N - 0.35;
I(Xi - X)Z
§.7-8% .37,

Thesa three estimates yield the estimated relationship between the dose (xj) and response
data (yi or §) as follows: .

- -3.17 + 0.35%; ,

and the logistic equation is:
1

p’-
14317 +0.35 x;)

Note: D is equal to © within the risk mods}; ﬁ is equal to M within the risk model; Q is erqual
to N within the risk model.

23



f (x0) = f (x |€) g€), and

1 1
b - f txle)gedo- S [( g)e" (- e)“"‘] 111 4o ()
0 0 .
BP9
_G:)B(p+x,n+q-x) ,
: 8(p.9
where, as discussed above, g(6) is assumed to be beta distributed and is given by:
P g-1
- LS @

The function 8(p,q) =T () I (@) / T (p + q), where I(.) is the gamma function.
Recall that g{6) was generated by a Monte Carlo procedure. These data are used to
estimate the parameters of the beta distribution by use of the following equations:

f. igu-n'ce)-sgk‘e/sg,and )

§-Ba-%9/X,, (10)

where 3?9 and Sg are the sample mean and variance of the risk values © generated by the
Monte Carlo procedure.
The expected number of illnesses is then

Ex{x) = (np) / (p + 9}, (11)

with the corresponding variance

Var(x) = npq {(p +q + n) . (12)
PP +a+1)

A simplification in Eq. {7) occurs when the &stimated values of p and q can be
rounded to the nearest nonzero integer value. Then, if p becomes p (an integer) and q
becomes q, the distrihution of h(x) is as follows:

(fu-x-l)(assn-x-l
h (x) & —ZX— noX . (13)

( p+q +nn+-xx - 1)
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It is called the negative hypergeometric distribution. Equation {13) is used when the
gamma function (T) of a number greater than 25 is required. This modification allows for
the calculation of h(x), using Eq. (10), when the p and q values are less than 1.

COMPUTER PROGRAM

To calculate the likelihood of illness, h(x), among a group of n individuals, it was
necessary to write a computer program using the equations discussed in the previous
section. The main program, including its 19 subroutines, is contained in a separate report.zo

The flowsheet shown in Fig. 7 illustrates the information required as input to the
model by the user, the various calculation steps, and the output of the model.

EXAMPLE CALCULATION

The following example is presented to illustrate how the program functions. Input
data (Fig. 7, Step 1) for the example are shown in Table 14. As shown, ten random samples
will be generated; the mean and standard deviation of the volume of water consumed is set
at 10 and 1 L/d, respectively. The treatment-unit efficiency ranges from 99 to 99.999%
removal; the geometric mean and geometric standard deviation of the concentration of
organisms in the raw water supply are set at 172 and 99 organisms/L, respectively; and the
dose-response equation selected is logistic with the parameters for the equation
identified in Table 14. (See Table 12 for an example of parameter calculation.) The
number of troops at risk is set at 20 persons.

Once the user supplies the above input data, Step 2 is followed to calculate five
uniform random numbers as shown in Table 13. Five uniform random numbers are
necessary because two random variables (i.e., pathogen concentration and water volume
consurned) are calcuiated using random normal devistes, each of which is computed from
two uniform random numbers (see Step 3), and the third variable (i.e., treatment
efficiency) only requires a single uniform random number (note: random variables X and .
Xy in Table 13 are used for the drinking-water volume; X4 is usad for treatment efficiency;
and variables x 4 and X are used for the pathogen concentration).

25



MR tEv s

e

Volume §

User supclios data:

Volume: X and s

Treatment (% removal): Range

Step 1 Fathogen concentration: GM and GSD
Dose-response equation
Dose-response costficient

. Number of trcops

Number of random samples

4
Generate uniform random number

A = (A x, + C){modulo m)

Step 2

M
Generats normal random deviats

R« y-2Inx, cos(2xx;)

Step 3

Samplie trestment efficiencios

Eaa+d-a)X

'
Sampie pathogen concantration
C = oM h

Stap 4

Step &

Sempie volume consumed
Va=3sR+2R

l

(continusd on naxt pege)

Step 8

Figure 7. Flowsheet for risk-assessment model. See Table 11 for parameter definitions.
(R in step 5 is calculated using random numbers X, and Xg from Table 13 in equation in
“step 3; R in step 6 is calculated using random numbers X, and Xy from Table 13 in equation
in step 3).
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Calculate dose
Dose=Vi1 - EC
)
Step 8 1 L
Logistic Beta Exponential Log normal
1 -
1 - —— Jz
s o - | G RE -l E RN | Mbev M
2= {D - gle

Step 10

L

Calculets betn parameters

po B0 - R - SiR
8

a=p(1-RyH/%,

1

Calcuistion risk

hx) = (s)}(p +xn+q-x1/8p.q

(

o R

poqon-—u-i)
n-x

)

Figure 7. {Continued)

Step 4 is used to calculate the treatment efficiency based oa the following equation:

E«as+(b-a)(x),

(14)

where E equals treatment efficiency as a decimal fraction, a (minimum) and b (maximum)

represent the range of input treatment efficiencies, and X is a 1u;jfom random number

where i = 3, the number of tha random sampla as shown in Tablse 13.
For this exampls, E = 0.891323 as shown in Table 13. The calculation, using Eq. (14)

is as follows:

E = 0.9 + (0.99999 - 0.99) (0.13339) = 0.991388 .
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Table 13. Example of inodel output: Salmonella typhi.

Volume 5

X1 X2 X3 X4 X5
Random x, = 0.16157 0.43080 0.13899 . 0.83593 0.11019
Ve 8.26830
- E- 0.991388
Ca 4975.54
. Dose is: 354.555
Dose = 354.555 Log of dose = 2.54968 0 = 0.441801E-01
B-0.174 4.-155
Ex{x) = 2.02 Var{x) = 14.4
Distribution of risk:
Number of trcops = 20
Number of Fraction of 1- Cumulative
ill troops ill troops h(x}a Cumulative h(x)P probabilityC
0 0.00 0.804 0.605 0.395
2 0.10 0.058 0.765 0.235
4 0.20 0.031 0.838 0.162
C .0.30 0.021 0.885 0.115
8 0.40 0.015 0.918 0.082
10 0.50 0.011 0.943 0.057
12 0.60 0.009 0.962 0.038
14 0.70 0.006 0.977 0.023
16 0.80 0.005 0.988 0.012
. 18 0.90 0.003 0.996 0.004
20 1.00 0.001 1.000 0

8 The probability that exactly x cut of n (in this case n = 20) troops are ill.

b The cumnulative probability that x or fewer troops will be 111
€ The "risk" that more than x troops will be ill,
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Table 14. Example of model input parameters: Salmonella tyrhi.

Input parameters Value
Number of random samples 10

Seed for random-number generator 1234
Arithmetic mean of volume (X) 10
Arithmetic standard deviation (S) of volume 1
Minimum treatment efficiency (2) 0.99000
Maximum treatment efficiency (b) 0.99999
Geometric mean (GM) of pathogen concentration (organisms/L) 172

Mg = 10 (GM) 5.14749
Geometric standard deviation (GSD) for pathogen concentration 99

o, = 1n (GSD) , 4.59512
Dose-response equation Logistic
Dose-response parameter M -7.99340
Dose-response parameter N 1.92930
Number of troops 20

Step 5 is used to calculate concentration of the pathogen based on the following
equation:

R
C-e%’( )”‘", (15)

where C equals the concentration of the pathogen in organisms/L, o and Mg equal the
natural log of the geometric mean and geometric standard deviation supplied by the user
in Step 1; and R equals a normal random deviate calculated in Step 2. The R for this
example, as shown below, is equal to 0.73241 based on the uss of X, and Xs from Table 13
(note that ths product of 2 v 0.11019 must be in radians).

R= -21n(0.63593) cos (2 v 0.11019) . (16)

For this example, C = 4979 organisms/L as shown in Table 13. The calculation, using
Eq. (15), is as follows:

C - (10 99)(0.73241) + (1n 172) _ .0
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Step 8 is used to calculate the volume of water consumed per day based on the
following equation: : '

VaSR+X, : (17}

where V equals the volume of water consumed in L/day, S and X equal the standard
deviation and mean for the normal distribution of water consumption supplied by the user
in Step 1, and R is a normal random deviate calculated in Step 3. Following Eg. (16), the R
value for calculating the volume consumed is equal to -1.7317 based on the use of x, and
Xy in Table 13.

For this example, V = 8.27 L/d es shown in Table 13. The calculation, using Eq. (17)
is as follows:

V = (1.0)(-1.7317) + 10 = 8.27 L/d.

Based on the results of the above calculations, the dose of organisms consumed by an
individual is calculated in Step 7 as follows:

Dose (D) = V(1 - E)C. : : (18)

For this example, D = 355 organisms as shown in Table 13. The calculation, using
Eq. (18) is as follows:

- D = (8.26)(1 - 0.9914)(4979) = 355 .

Step 8 is used to calculate the expected response using one of four dose-response
equations (numbers 2, 3, 4, and 5) previously discussed. For this example, the logistic
equation, Eg. (2), was selected with the values of M and N shown in Table 14. The
calculation is as follows:

1
Q- 14 e«{-7.9934 +1.92830 log 354) © 0.044 .

Step 9 is used to calculais the p and q parameters of the beta distribution. These
calculations are made using Egs. (8) and (10). For this exampls, the 19 and Q values are
0.174 and 1.55, respectively. In Step 10, the probability of x illnesses or less (out of n at
risk), h(x), is calculated following either Eq.(7) or Eg. (13). As previously discussed,
Eq. (13) is used when calculation of a I'(.) of a number greater than 25 is required.
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For this example, Eq. (7) was used, and the results are shown in Table 13. Tha
expected number of illnesses, Ex(x), and the variance, Var(x), of tha distribution are
calculated using Egs. (11) and (12); their values are also shown in Table 13. Plotting the
cumulative h{x) values shown in Table 12 results in the risk curve shown in Fig. 8.

The results indicate that a 50% chanca exists that 40% or less of the individuals
could become ill.

1-0 [ [ i [} L3 L3 ¥ T i

09 r

08+ H

0.7 - -

08} ~

05

Fraction of troops ill

04 -

03}

02

o.‘ of

0 | NS S Y | |
0 62 o4 083 o048 1.0

Cumulctive probability

Figurs 8. Example of cumulative-risk curvs showing the risk of bscoming ill with typhoid
fever. Tha curve was determinad using (1) n = 20 troops and ill » disease symptoms; (2) a
logistic dose-responsa rolationship; (3) a dose distribution with a GM = 172 organisms/L
and a GSD=99; and (4) treatment efficiency equivalent to 2 to 5log removals,
corresponding to limits E = 0.89 to 0.39999.
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SENSITIVITY ANALYSIS

Before using the model in the analysis of disease risks for various specific
waterborne agents, it is important to be aware of the sensitivity of the ‘model's
predictions to variations in the input information. If, for example, the predicted number
of illnesses was sensitive to the dose-response function used, it would be important to
remember this when interpreting the results of the analysis. In the present case, the end
predictions depend on four inputs: the dose-response equation, the consumption
distribution, the pathogen-concentration distribution in the raw water, and the
treatment-efficiency distribution. Because the fit of the dose-response equation to the
data is dependent on the data quality in each case, we defer the topic to the sections of
the report dealing with the specific organisms. We discuss the othar three variables in the
following paragraphs because our sensitivity analyses for them may be similar for all cases
considered.

The normal procedure in conducting a sensitivity analysis is to select a normal or
baseline case and then perturb the input variables from this case and assess the magnitude
of the resulting output change. The greater the change in the output for a given input
change, tha greater the sensitivity. Generally, a certain ad hoc aspect is apparent in
defining commensurate input perturbations and deciding which characteristics of the
output are appropriate measures of change in response. Here, we simply define a 10% or
greater change in the predicted number of illnesses to be a meaningful output change. The
baseline case is defined to be one using the logistic dose-response function, a consumption
distribution with a mean of 10 L and a 10% relative standard deviation, and 2 lognormal
pathogen-concentration distribution in raw water. The perturbed cases will use a 15-L
mean consurmnption with the same relative standard deviation, a pathogen-concentration
distribution with the same mean but with a standard deviaticn increased by either 10- or
100-fold, and five treatment altematives as given in Table 15.

The organism selected for study was Salmonella typhi because of the relatively large
amount of data available. The first variable investigated was the consumption volume; the
results are shown in Table 18. The predicted number of illnesses for the baseline case was
13.48 and, as can be seen, the perturbed case showed little change in either the mean or
the variance.

In the next case, we considered perturbations in the variability of the pathogen
concentration in the raw water as indicated in Table 17. Although the case with the
largest change in the variable does result in a changa in the mean of over 10%, generally,
the changes are not dramatic. The cumulative distributions of the fraction ill are shown in
Fig. 9. They support this conclusion, although all three cases are high-risk situations.
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Table 15. Treatment efficiencies (% removal).2
Treatment alternative Virus Bacteria Parasites
No treatment (raw) 0 0 (1]
l:lOWF‘Ub 99-89,999 99-49.929 99-89,.989
Filtration and chlorination 99-89,999 99-99.999 99-99.993 -
Chlorination {5-10 mg/L FAC) 89-89.999 99-99.599 99-99.999
Filtration (multimedia and 5-pm filter) 0-40 80-98 90-99 .
2 See Appendices for further details and support.
ROWPU = reverse osmosis water-purification unit.
Table 16. Volume consumed sensitivity.
Volume (L) Ex(x)2 Var(x)b Sensitivity (% difference)C
10 + 1 13.48 56.39 -
15 + 1.5 14.08 53.11 No (4.1)

a Ex(x) = mean of distribution for expected number of illnesses.
Var{x) « variance of distribution for expected number of illnesses.

€ "Yes" or "No" implies whether or not the difference from the first (baseline) case can
be considared significant.

- Table 17. Pathogen concentration sensitivity.

Pathogen

concentration Ex{(x)a Var(x)b Sensitivity (% difference)¢

172 x 99*1 13.48 55.39 -

172 x 9g0*} 14.68 56.19 No (8.9) -
172 x 9900*! 15.30 55.38 Yes (13.5)

a Ex{x) = mean of distribution for expected number of illnesses.
Var{x) = variance of distribution for expected number of illnesses.

C "Yes" or "No" implies whather or not the difference from the first (baseline) case can
be considered significant.
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Figure 9. Cumulative-risk curves showing effect of organisin-concentration pargmsters
on the risk of becoming ill with typhoid fever. All curves were determined using
(1) n = 20 troops and ill « disease symptoms, and (2) a logistic dose-response relationsiip.
However, a dose distribution with a geometric mean (GM) = 172 organisms/L and a
GSD = 99 was used to derive curve A; a dose distribution with a GM = 172 organisms/L and
a8 GSD=~9%0 was used to derive curveB; and a doss distribution with a
GM = 172 organisms/L and a GSD = 9500 was used to derive curve C.

This case illustrates ona of tha pitfalls of sensitivity analysis: conclusions are conditioned
on the choice of a bassline case. Here, the bassline cass is a high-risk situation in which
the variability of the pathogen concentration is not particularly important. On the other
hand, one would expect changes in the variance of the pathogen conceatration to be
important in cases where the predicted number of illnesses was low in the bassline case.
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The next variable we considered was treatment efficiency. Table 18 contains the
results of the three cases considered. Not surprisingly, treatment efficiency has a large
effect on the predicted number of disease cases. The cumulative distributions are shown
in Fig. 10 and further illustrate the importance of this variable.

Probably the most important outcome of this analysis is that the model performs
much as predicted. For example, treatment efficiency is an important variable; also, the
model is sensitive to the concentration distribution but insensitive to the consumption
distribution. It must be remembered, however, that the effect of any single variable is
conditioned by the values of the other variables that are held constant during that run.
For example, treatment efficiency would not have a particularly dramatic effect if the
concentration of organisms in the raw water was low at the outset. It does seem safe to
conclude, however, that the consumption distribution used in these analyses is unlikely to
be an important determinant of risk under any circumstances.

RISK-ASSESSMENT RESULTS

As pruvicusly indicated, 12 pathogenic organisms were evaluated relative to the risk
of their causing waterbome illness. These organisms are identified in Table 19.

In this section wr: discuss the effects of modifying the dose-response equation on the
sensitivity of the risk model. It is important to note that, when considering host response
to water-related patiiogens, a distinction must be made between the two most common
end points measured: infection and disease. Infection is defined as multiplication of a

Table 18. Treatmnent alternative sensitivity.

Treatmentd Ex(x)P Var{x)C Sensitivity (% difference)d
Low (0) . 13.48 55.39 -

Medium (90-89) 8.35 65.29 Yes (33)

High (99-99.949) 3.48 23.45 Yes (74.2)

g organism remaval.
b Ex{x) = mean of distribution.
¢ Var{x) = variance of distribution.

d "Yes" or "No” implies whether or not the difference is considered significant,
compared to the low-efficiency treatment.
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Figure 10. Cumulative-risk curves showing effect of change in treatment efficiency on
the risk of becoming ill with typhoid fever. All curves were determined using
(1) n = 20 troops and ill = disease symptoms; (2) a logistic doss-response relationship; (3) a
dos¢: distribution with a geometric mean (GM) = 172 organisms/L and a geomstric standard
deviation (GSD) = 99; and (4) treatment efficiency equivalent to either no treatment, i to
2 log removals, or 2 to 5 log removals (as noted in figurs).

microbial agent within a host, with or without the production of clinical disease.
Asymptomatic infection is the desired relationship with a pathogen becauss immunity may
be achieved without the health risk associated with the rslated disease syndrome (i.e.,
vaccines). Both end points ares used to study dose-response relationships in human
populations. In general, much of the information avail:ble for bacterial pathogens is
associated with the disease end point. The opposite is true for parasites and viruses. The
maioﬁty of the dose-~response daté uses infection as the end point. For the purpose of this
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Table 19. Waterborne pathogenic organisms.

Bacterial Viral Parasitic

re

Shizolla spp. Enteroviruses Entamoeba histolytica
Vibrio cholerae Norwalk agent and rotavirus Giardia lamblia
Campylobacter Hepatitis virus

Escherichia coli

Salmonella spp. -
Salmonella typhi

Yersinia spp.

risk assessment, we have used the available data and appropriate end points. Also, note
that the dose-response model that gives the most conservative estimate of risk will be /
selected for use.
Within this section, low- and high-risk boundary curves are calculated for each
organism, assuming 20 exposed individuals, for developed countries (e.g., United States,
Europe), and a low-risk boundary is calculated for developing countries. We define the
terms "low-risk boundary” and "high-risk boundary” as follows:

Low-risk boundary:
Dose response: Use model that gives highest-risk results
Volume of water consumed: 10 L + 10%
Pathogen concentration: Geometric mean and geometric standard deviation
Treatment efficiency: 99 to 99.999% removal

High-risk boundary:
Dose response: Same as low risk
Volume of water consumed: 15 L + 10%

Pathogen concentration: Geometric mean, 100 times geometric standard
deviation ' .

Treatment efficiency: 0% removal
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RISK ASSESSMENT: BACTERIAL ORGANISMS

Seven bacterial agents (Table 18) were selected for assessment, and we discuss them
in the order presented.

Shigella spp.

A summary of the dosc-response data obtained from the open literature is presented
in Table20. The data for Shigella spp. were analyzed, applying each of the four
dose-response equations. The derived parameters associated with each of the four
equations are shown in Table 21,

Published reports on the occurrence and concentration of Shigella spp. in the
environment are limited. Thus, sn estimation of the probable concentration of these
agents in water was required. We made this calculation by combining prevalence rates
with the average number of organisms per gram of feces from an infected person, the
sewage production rate of a town of 50,000 persons, and an assumed range of stream-
dilution values. The assumptions that we used to calculate the concentration of Shigelia in
fresh water for both developed and developing countries are shown in Table 22.

With the above data used as input to the risk-assessment model, we ran the model
and identificd the dose-response equation giving the most conservative estimate of risk.
The results of these runs are shown in Table 23; they indicate that the use of different
dose-response equations modifies the expectation of the risk distribution from +9 to -16%
from that of the logistic equation. The beta dose-resporse eguation appears to be a
sensitive component of the analysis, based on the criteriz of a 10% difference from the
baseline case (i.e., logistic). However, the exponential equation was selected to calculate
upper and lower risk-curve boundaries because it results in the highest (i.e., most
conservative) estimate of risk. The low-risk boundary is calculated by setting the
treatment efficiency variable at 69 to 99.999% organism removal, volume at 10 + 1 L, and
pathogen concentration at the calculated geometric mean and geometric standard
deviation. The high-risk boundary is calculated by setting the treatment efficiency at
0.0% removal, volume at 15+ 1.5 L, and the pathogen concentration at the geometric
mean and 100 times the geometric standard deviation,

Plots of the Shigella spp. risk boundaries are shown in Fig. 11. For the low-risk
scenario in developed countries, the boundaries indicate that there is a cumulativa
probability of 0.5 that the fraction of troops ill would be less than or equal to 0.08. For
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Table 20. Shigella spp. dose-response data.

Volume 5

Dose Response Number of
(organisms) (fraction ill) subjects Ref.
10 0.1 131 21
2 x 10° 0.5 4 21 ]
2 x 109 0.7 10 21
1 x 10 0.83 6 21
2 x 10 0.25 4 21 ’
1 x 10% 0.33 8 21
1.8 x 102 0.18 33 18
5 x 10° 0.67 49 18
1 x 10* 0.76 87 18
1 x 109 0.44 34 18
104 0.25 4 18
10° 0.75 18
108 0.86 8 18
107 0.68 19 18
108 0.75 8 18
Table 21. Shigella spp. dose-response equation parameters.
Parameter
Equation 1 2
Logistic M= -7.4577 N = 2.0292
Beta @ = 0.16 B = 155
Exponential r=1.03x107° -
Lognormal GM = 8.92 x 10° GSD = 31.8 )
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Table 23. Shigella spp. dose-response equaticn sensitivity.
Equation Ex(x)a Var(x)b Sensitivity (% difference)C
Logistic 15.65 52.36 —_
Beta 13.13 42.05 Yes (-16.1)
Exponential 17.07 48.81 No (+8.1)
Lognormal 14.69 51.37 No (-6.1)

8 Ex{x) = mean of distribution.

Var(x) = variance of distributicn.

C"Yes" or "No" implies whether or not the difference is considered significant,
compared to the logistic equation.

the high-risk scenario, the probability is 0.5 that the fraction of troops ill wouid be 0.94 or
less. For the low-risk scenario in developing countries, there is a probability of 0.5 thgt
the fracticn of troops ill would be less than or equal to 0.92.

Vibrio choleras Classical

In the case of Vibrio cholerae Classical, three out of four dose-response equations
fit the available data (see Table 24). Fitting the logistic equation gives a uniform
dose-respongse line, which is unreasonable, The dose-response equaticn parameters for the
remaining equations are shown in Table 25.

As in the case of Shigella, thers is a general lack of aguatic occurrence and
concentration data for Vibrio cholerae. Therefore, calculations of the estimated probable
concentration of organisms in water ware required. The results of the calculaticns are
shown in Table 22. Note that for concentrations in developed countries, the calculated
geometric mean was 1075 organisms/L. Becausa of this low value, we did not calculate the
health risk for developed countries.

The risk-assessment meodel, using the above values, was mun to identify the
dose-response equation that gives the most conservative estimate of risk in developing
countries. The results of the runs, shown in Table 26, indicate that by changing the
dose-responsa equation, the expectation of the risk distribution is medified from +27 to

41




‘Volumes

Figure 11. Cumulative-risk curves showing effect of treatment efficiency, organism-
concentration parameters, and volume of water consumed on the risk of becoming ill as a
consequence of consumption of Shigella spp. in drinking water. Each curve was
determined using (1) n e« 20 troops aud ill = disease symptoms; (2) an exponential
dose-response relationship; (3) pathogen concentrations with the geometric means and
geometric standard deviations (organism-concentration parameters) as explained in the
text; (4) volumes of water consumed as noted in figure; and (5) treatment efficiency
equivalent to either no treatment or 2 to 5 log removals (as noted in figurs).

+100%. This modificaticn indicates that the dose-response equation is a sensitive
component of the analysis. The exponential equation was used to calculate the upper and
lower risk-curve boundaries because it resulted in the highest (i.e., most conservative)
estimate of risk.

At the low-risk boundary, thars is essentially no risk of illness (shown as a dot on the
abscisza in Fig. 12). The high-risk curve in Fig. 12 indicates a probability of 0.5 that the
fraction of truops ill would be less than or equal to 0.78.
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Table 24. Vibrio cholerae-Classical dose-response data.
Dose Response Number of )

(organisms) (fraction ill) subjects  Ref.
10° 0.8 - 1.0 20 23
108 0.83 12 24
108 0.50 . " 25
10° 0.50 2 25
101? | 0.50 2 25
10%-10* 0.26 19 25
10? 0.0 2 25
108 0.0 4 25
107 0.0 4 25
1010 0.0 1 25
10° 0.67 6 24
10° 0.96 23 24
108 0.89 27 26
Table 25. Vibrio cholerae-Classical dose-response equation parameters.

Parameter
Equation 1 2
Logistic -— -—
Beta a = 0.097 B = 13,020
Exponential re7.45x 10'6 - %
Lognormal GM = 3.2 x 108 GSD = 14.5 :

Vibrio cholerae El Tor

b
o
5

3
%
¥
x4
i
]
£
3
H
2

The fit of four dose-response equations to tha available dose-response data (see
Table 27) was determined. The ecuation parameters are shown in Table 28.
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Table 26. Vibrio cholerae-Classical dose-response equation sensitivity.

Equation Ex(x)2 Var(x)b ~ Sensitivity (% difference)c
Logistic -_— -— —

Beta 5.54 25.89 -

Exponential 11.16 83.77 Yes (101)
Lognormal 7.07 58.29 Yes (27.6)

a Ex{x) = mean of distribution.
Var(x) = variance of distribution.

€ "Yes" or "No" implies whether or not the difference is considered significant,
compared to the beta equation.

Table 27. Vibrio cholerae-E! Tor dose-response data.

Dose Response Number of
(organisms) {fraction ill) subjects Ref.
10° 0.60 10 24
10° : 1.0 10 24
10° 0.60 5 24
>10* 0.111 274 27
10° 0.860 37 26

The same estimates for concentration of the agent in water were used for the El Tor
biotype as for the Classical biotype. The risk model, using these values, was nn to
identify the dose-response equation that gives the most conservative estimate of risk in
developing countries. The results are shown in Table 29. The results indicate that by
changing the dose-response equation, we modify the expectation of the risk distribution
from -5 to -13%. This modification indicates that the beta dose-response equation is a
sensitive component of the risk calculation, based on the criterion of a 10% difference
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Figure 12. Cumulative-risk curves showing effect of changs in treatment efficiency on
the risk of becoming ill as a consequenca of consumption of Vibrio choleras Classical in
drinking water in develeping countries. Each curve was determined using (1) n = 20 treops
and ill = dissass symptoms; (2) an exponential dose-response relationship; (3)a doss
distribution with a GM = 32 organisms/L and a GSD = 15; and {(4) treatment efficiency
equivalent to eithsr no treatment in the high-risk curve, or 2 to 5 log removals in the
low-risk curvs.
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Table 28. Vibrio cholerae-El Tor dose-response equation parameters.

Parameter
Equation 1 2
Logistic ' M = - 24.82 N = 5.39
Beta «=1.33 B=2.7x10°
Exponential r=4.99x 10'6 -—
Lognormal GM =7.2 x 104 GSD -~ 5.8
Table 29. Vibrio cholerae-El Tor dose-response equation sensitivity.
Equation Ex{x)3 Var(x)b Sensitivity (% difference)C
Logistic : 12.0 84.07 —
Beta 10.43 82.93 Yes (-13.1)
Exponential 10.82 87.17 No (~8.8)
Lognormal 11.39 77.23 No (-5.1)

a Ex{x) = mean of distrihution.
b Var{x) = variance of distribution.

€ "Yes" or "No" implies whether or not the difference is considered significant,
compared to the logistic equation.

from the logistic model. Because the logistic equation resulted in the highest risk
estimate, it was selected as the dose-response model; a plot of tha risk boundaries is
shown in Fig. 13. The low-risk boundary corresponds to a zero-risk level, shown as a dot
on the abscissa.

Review of Fig. 13 indicates that at the low-risk boundary, there would be zero risk,
and at the high-risk boundary, the probability is 0.50 that the fraction of troops ill would
be less than or equal to 0.9.

Cempylobacter

Three of the four dose-response equations could be applied to the available
dose-response data for Camrylobacter (see Table 30). The logistic equation could not be
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Figure 13, Cumulative-risk curves showing effect of change in treatment efficiency on
the risk of becoming ill as a consequenca of consumption of Vibrio cholerae El Tor in
drinking watar in developing countries. Each curve wos determined using {1) n 20 troeps
and ill » diseasa symptoms; (2} a logistic dose-response relaticnship; (3) a dose distribution
with a2 GM = 32 organisms/L and a GSD = 15; and (4) treatment efficiency equivalent to
sither no treatment in the high-risk curve, or 2 to 5 log removuls at the low-risk point,
which implies that no troops will be affected.
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Table 30. Campylobacter doss-response data.

Dose Response Number of
(organisms) (fraction ill) subjects " Ref.
500 | 1.0 1 28
108 1.0 1 29
1 0.0001 1 Estimate

Table 31. Compylobacter dose-response equation parameters.

Parometer
Equation : 1 : 2
Logistic -— —
Beta a=0.39 B =55
Exponential r=7.003 x107% -—
Lognormal GM =~ 30 GSD = 2.4

fit primarily because of the paucity of data. To fit the other three equations, we assumed
a low-dose point of one organism with a 0.01% response. The dose-response equation
parameters are shown in Table 31.

There is a general lack of occurrence and concentration data in the literature.
Therefore, calculation of the probable concentration of the organism in water was
required. Table 22 identifies the values used for concentration of this agent in water for
developing and developed countries.

Based on the results shown in Tables 22 and 31, the risk-assessment model was run to
identify the dose-response equation giving the most conservative estimate of risk. The
results of the model runs are given in Table 32. Review of these results indicates that by
changing the dose-response équation. we modify the expectation of the risk distribution
from 3 to approximately 4%, all less than the sensitivity level of 10%. The lognormal
equation was used to calculate the upper- and lower-risk boundaries because it resulted in
the highest risk estimata.
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Table 32. Campylcbacter dose-response equation sensitivity.
Equation Ex(x)& Var{x)b Sensitivity (% difference)C
Logistic -— -— _—
Beta 16.45 47.0 -
E:_(ponential 16.97 48.82 No (3.1)
Lognormal 17.13 48.98 No (4.1)

a Ex(x) = mean of distribution.
Var(x) = variance of distribution.

€ "Yes” or "No" implies whether or nat the difference is considered significant,
compared to the beta equation.

The risk curves for Campylobacter are shown in Fig. 14. The low-risk boundary
indicates that the probability is 0.5 that the fraction of troops ill would be less than or
equal to 0.1, and the high-risk boundary indicates that the probability is 0.5 that the
fraction of troops ill would be less than or equal to 0.95. For a developing country, the
low-risk curve indicates that the probability is 0.5 that the fraction of troops ill would be
. less than or equal to 0.93.

cherichia coli

Three of the four dose-response equations fit the available dose-response data for
pathogenic Escherichia coli (see Table 33). The dose-response equation parameters are
shown in Table 34.

Table 35 presents selected fecal coliform data for various water sources in
developing countries. To calculate environmental concentration levels for E. coli, a
worst-case assumption was made that all fecal coliforms are pathogenic. Based on the
data in Table 35, a geometric mean of 2.5 x 10* organisms/L and a standard deviation of
35 were calculated for stream and river water quslity. For developed countries, a
geometric mean of 2000 organisms/L and standard deviation of 2 were used.33 This limit is
used by the State of California for nontidal-contact recreation.

The risk-assessment model was executed to identify the dose-response equation that
gives the most conservative estimate of risk. The results of the model runs are shown in
Table 38. Review of the resuits indicates that by changing the dose-response curve, we
modify the expectation of the risk distribution from 45 to 50%. The results indicate that
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Figure 14. Cumulative-risk curves showing effect of change in treatment efficiency and
organism-concentration parameters on the risk of becoming ill as a consequence of
consumption of Campylobacter in drinking water, Each curve was determined using
(1) n = 20 troops and ill = disease symptoms; (2) a lognormal dose-response relationship.
However, the GM of the organism concentraticns for developed countries was
100 organisms/L with a GSD = 50; for developing countries, the GM = 300 organisms/L
with a GSD = 150. A treatment efficiency equivalent to no treatment was used for the
high-risk curve, and a treatment efficiency equivalent to 2 to 5 log removals was used for
both low-risk curves.
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Table 33. Escherichia coli dose-response data.

Dose Response Number of
(organisms) (fraction ill) subjects Ref.
1.6 x 1010 0.875 8 30
5 x 10° 0.75 8 30
1.7 x 10° 0.625 8 30
1.4 x 10° 0.750 8 30
g x10° 1.0 12 31
6.5 x 10° 1.0 11 31
5.3 x 108 0.666 - 12 31
7 x 10° 0.636 11 31

Table 34. Escherichia coli dose-response equation parameters.

. Parameter
Equation 1 2
Logistic Me-1.2184 N = 0.2406
Beta - -—
Exponential r=1.217 x107° -
Lognormal GM = 4.36 x 107 GSD = 36.6

the risk estimates are extremely sensitive to changes in the dose-response equation. The
logistic equation was used to calculate the upper- and lower-risk boundaries because it
resulted in the highest estimate of risk.

Risk curves are ‘shown in Fig. 15. The low-risk boundary indicates that the
probability is 0.5 that the fraction of troops ill would be less than or equal to 0.29, and the
high-risk boundary indicates the probability is 0.5 that the fraction of troops ill would be
less than or equal to 0.52. For developing countries, the low-risk boundary indicates that
the probability is 0.5 that the fraction of troops ill would be less than or equal to 0.42.
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Table 35. Escherichia coli concentration in water.2

Fecal coliforms

Country Water source (organisms/100 mL)
Gambia Hand-dug well <100,000
Indonesia Canals in Jakarta 3,100-3,100,000
Kenya Water hole 11-350
Large river 10-100,000
Lesotho Unprotected spring 900
Water hole 860
* Stream §,000
Protected spring 200
Nigeria Pond 1,300-1,900
Hand-dug well 200-580
Papua New Guinea Stream 0-10,000
Tanzania Water hole 61
Pond 163
Stream 128
Open well 343
Protected well 7
Uganda . River 500-8,000
Stream 2-1,000
Unprotected spring 0-2,000
Protected spring 0-200
Hand-dug well 8-200
Bored hole 0 -60

a Adapted from Kehr and Butterfield, 3

Salmonella spp. N

The dose-response equations were applied to the available data as shown in
Table 37. The dose-rasponse equation parameters are shown in Table 38. The data used
to calculate the concentration of Salmonella spp. (excluding S. typhi) in fresh waters of
developed countries are presented in Table 39. A geometric mean of 172 organisms/L and
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Table 38. Escherichia coli dose-response equation sensitivity.
Equation Ex(x)2 Var(x)® Sensitivity (% difference)C
Logistic 11.21 10.84 -—
Beta - -— —
Exponential 5.54 61.81 Yes (50.5)
Lognormal 6.13 32.99 Yes (45.3)

a Ex(x) = mean of distribution.
Var(x) = variance of distribution.

€ "Yes” or "No" implies whether or not the difference is considered significant,
compared to the logistic equation.

a GSD of 99 were calculated from the data and used to represent stream and river water
quality in developed countries. The calculations and water-quality values for developing
countries are presented in Table 22,

The risk-assessment model, using the above results, was run to identify the
dose-response equation that gives the most conservative estimate of risk. The results of
these runs are shown in Table 40. Review of the results indicates that by changing the
dose-response curve, we modify the expectation of the risk distribution from 6.5 to
20.2%. Based on these results, the expcnential model was selected for use in calculating
the upper- and lower-risk boundaries because it resulted in the highest estimate of risk.

A plot of the risk curves is shown in Fig. 16. The low-risk boundary indicates that
the probability is 0.5 that the fraction of troops ill would be less than or equal to 0.52, and
the high-risk boundary indicates that the probability is 0.5 that the fraction of troops ill
would be less than or equal to 0.94. For developing countries, the low-risk curve indicates
that the probability is 0.5 that the fraction of troops ill would be equal to or less than
0.64. The results also indicate that the low risk is essentially the same in a developed
country as in a developing country.

The risk calculations for Salmonella spp. appear to be high. The risk values are due
to the low dose-response value of 17 organisms and a 12% response value (Table 37). This
value is an estimate from an epidemiological study, not from a feeding study. Without this
value, the risk assessment would approximate the S. typhi curves shown in Fig. 17.
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Figure 15, Cumulative-risk curves showing effect of change in treatment efficiencies and
organism-concentration parameters on the risk of becoming ill as a consequence of
consumption of Escherichia coli in drinking water. Each curve was determined using
(1) n = 20 troops and ill = dizease symptoms and (2) a logistic dose-response relationship.
Howsever, a concentration distribution with a GM = 2,000 organisms3/L and a GSD = 2 was
used for developed countiries, and a concentration distribution with a
GM = 20,000 organisms/L and a GSD =~ 35 was used for developing countries. A treatment
efficiency equivalent to no treatment was used for the high-risk curve, and a treatment
efficiency equivalent to 2 to § log removals was usad for both low-risk curves.
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Table 37. Salmonella spp. dose-response data.

Dose Response Number of
(organisms) (fraction ill) subjects ~ Ref.
17 0.12 16,000 34
2 x10° 1.0 2 34
1 x 1010 1.0 1 34

Table 38. Salmonella spp. dose-response equation parameters.

Parameter
Equation 1 2
" Logistic : M= -19927 N « 0.0002
Beta a= 0.33 B =139.9
Exponential 235310 _—
Lognormal GM = 7.35 x 10° GSD = 1152

Salmonella typhi

The dose-response parameters for each of the four dose-resnonse equations as
determined for Salmonella typhi are shown in Table 41. The dose-response data upon
which these calculations are based are given in Table 42.

An estimate of the concentration of S. typhi in the fresh water of developed
countries was based upon the same data that were used to set the enviroamental
concentration of nontyphoid-fever Salmonslla in the previous secticn of this report. Using
these latter values provided a conservative estimate of the concentration of S. typhi. For
developing countries, tha calculations and estimates of water-quality values associated
with S. typhi are shown in Table 22.

The risk-assessment model was run, using the above results, to identify the
dose-response equation giving the most conservative estimate of risk. The results of these
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' Table 39. Salmonella spp. concentration in water.
Salmonella spp.
(organisms/100 mL) . Environment Ref.
4.5 Storm water 35
<3.0 Storm water 35
43 Mississippi River 35
1 Mississippi River 36
Mississippi River 37
77 Untreated water 3z
2 Untreated water 37
18 Untreated water 37
16 Untreated water 37
2 - Untreated water 37
18 Untreated water 37
4500 Storm wai or 38
Table 40. Salmonella spp. dose-response equation sensitivity.
Equation Ex(x)a Var{x)b Sensitivity (% difference)C
Logistic -— — -—
Beta 16.09 46.70 -
Exponential 17.14 49.06 No (6.5)
Lognormal 12.84 42.80 Yes (20.2)

a Ex(x) = mean of distribution,
Var{x} = variance of distribution.

C"Yes" or "No" implies -whather or not the difference is considered significant,

compared to the beta equation.
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Figure 16. Cumulative-risk curves showing effect of change in treatment efficiencies and
organism-concentration paramsters on the risk of becoming ill as a consequence of
consumption of Salmonslla spp. in drinking water. Each curve was determined using
(1) n =« 20 troops and ill = dissasa symptoms, and (2) an exponential dose-response
relationship. However, a concentration distribution with a GM = 172 organisms/L and a
CSD - 93 was used for developed countries, and a concentration distribution with a
GM = 221 organisms/L and a GSD = 100 was used for developing countries. A treatment
efficiency equivalent to no treatment was used for the high-risk curve, and a treatment
efficiency equivalent to 2 to 5§ log removals was used for both low-risk curvas.
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Figure 17. Cumulative-risk curves showing effect of changa in treatment efficiencies and
organism-concentration paramstars on the risk of becoming ill as a consequence of
consumption of Salmonella typhi in drinking water. Each curve was determined using
(1) n = 20 troops and ill « diseass syrnptoms, and (2) a logistic dose-response relationship.
However, a concentration distribution with GM « 172 organisms/L and a GSD = 99 was
used for developed countries, and a concentration distribution with a
GM = 221 organisms/L and a GSD = 100 was used for developing countries. A treatment
efficiency equivalent to no treatment was used for the high-risk curve, and a treatment
efficiency equivalent to 2 to 5 log removals was used for both low-risk curves.
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Table 41. Salmonella typhi dose-response equation parameters.

Parameter

"Equation 1 ' 2

Logistic M = -7.9934 N = 1.9293

Beta a=0.21 B = 6531

Exponential r=3.79x10"0 -

Lognormal GM = 3.37 x 10° GSD = 71

Table 42. Salmonella typhi dose-respense data.

Dose Response Number of

(organisms) (fraction ill) subjecis Ref.
10° 0.0001 14 39
10° 0.275 116 39
10’ 0.5 32 39
108 0.89 9 39
102 0.95 42 39
10 0.53 . 30 39
10’ 0.55 11 39
107 0.33 6 39
10° 0.27 10,000 39
107 0.50 30 39
10° 1.0 4 39
10° 0.01 1,300 34
10° 0.045 11,800 34
103 0.04 10,675 34
103 0.075 4,203 34
10° 0.09 378 34
10 0.10 1,600,000 40
10° 0.35 110 a1
107 0.95 6 42
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Table 43. Selmonella typhi dose-response equation sensitivity.
Equation Ex(x)a Var(x)b Sensitivity (% difference)C
Logistic 15.59 53.20 -_—
Beta _ 12.39 52.32 Yes (20.5)
Exponential 15.42 59.96 No (1.1)
Lognormal 10.53 59.39 Yes (32.4)

a Ex(x) = mean of distribution.

Var{x) = variance of distribution.

C"Yes" or "No" implies whether or not the difference is considered significant,
compared to the logistic equation.

runs are shown in Table 43. Review of the results indicates that by changing the
dose-respeuse equation, we modify the expectation of the risk distribution from +1 to
+32%. Based on these results, the logistic model was selected for calculating the upper-
and lower-risk boundaries because it resulted in the highest estimate of risk.

A plot of the risk curves is shown in Fig. 17. The low-risk boundary indicates that
the probability is 0.5 that the fraction of troops ill would be less than or equal to 0.04, and
the high-risk boundary indicates that the probability is 0.5 that the fraction of troops ill
would be less than or equal to 0.92. For developing countries, the low-risk curve indicates
that the probability is 0.5 that the fraction of troops ill would be less than or equal to 0.07.

The risk estimates are conservative because the concentration of S. typhi organisms
in water was assumed to be the same as Salmonella spp. As previously noted, this
estimate is conservative, and the concentration of S. typhi is probably an order of
magnitude less than Salmonella spp. Running the model with a reduced concentration of
organisms in water resulted in the risk-curve plots shown in Fig. 18. Review of these
curves indicates that at the low-risk boundary, the probability is 0.5 that none of the
troops would become ill, and at the high-risk boundary, that the probability is 0.82 or less
that the troops would become ill. Thess results appear to be more reasonable, based on the
existing incidence of typhoid fever.

Yersinia spo.

Because only one dose-response data point could be found in the literature, only the
lognormal distribution was used to represent the dose-response equation. As shown in
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Figure 18. Cumulative-risk curves showing effect of both change in treatment efficiency
and initially low organism-concentraticn parameters for Salmonells typhi on the risk of
becoming ill with typhoid fever. Each curve was determined using (1) n = 20 troops and
ill = disease symptoms; (2) a logistic dose-response relationship; (3) a concentration
distribution with a GM = 17 organisms/L and a GSD ~ 9; and (4) treatment efficiency
equivalent to no treatment for the high-risk curve and 2 to 5 log removals for the low-risk

curve.
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Figure 19. Lognormal dose-response relationship for Yersinia spp.

Table 44. Yersinia spp. risk-assessment results using lognormal equation.

Risk level Ex{x)a Var{x)P
. Low (developed country) 11.00 69.70
/ High _ ©17.13 48.98
Low (developing country) 18.63 48.63
# Ex{x) = mean of distribution.

b Var(x} = variance of distribution.

Fig. 19, a conservative line was drawn between an assumed low dose-response point (i.e.,
one organistn and 0.01% response) and the dose-response point found in the literature
review. This line results in a geometric mean of 70 organisms/L and a geometric standard
deviation of 3.

Aside from the lack of dose-response data, there is also a lack of occurrence and
concentration data in the literature. Therefore a calculation of the probable
concentration of Yersinia spp. in water was made. Table 22 presents the results of this
calculation. .

The risk-assessment model was run, based on the above values. The results of the
model runs are shown in Table 44, and plots of the risk curves are shown in Fig. 20.
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Figure 20. Cumulative-risk curves showing effect of change in treatment efficiency and

organism-concentration parameters on the risk of becoming ill as a consequence of
Each curve was determined using

consumption of Yersinia spp. in drinking water.
and (2)a lognormal dose-response

(1) n'= 20 troops and ill = disease symptoms;
relationship. However, a concentration distribution with a GM = 100 organisms/L and a

GSD = 50 was used in developed countries; and a concentration distribution with a
GM = 1000 organisms/L and a GSD = 500 was used in developing countries. A treatment
efficiency equivalent to no treatment was uced for the high-risk curve, and a treatment
efficiency of 2 to 5 log removals was used for both low-risk curves.

Review of the results indicate that at the low-risk boundary, the probability is 0.5
that the fraction of troops ill would be less than or equal to 0.63 in developed countries
and 0.93 in developing countries. At the high-risk boundary, the probability is 0.5 that the

fraction of troops ill wouid be less than or equal to 0.93.
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These results, based on the conservative estimate of dose response for Yersinia spp.,
indicate a relatively high risk of disease even in the low-risk boundary area. In addition,
conservative assumptions as a result of the lack of data on the occurrence and
concentration of Yersinia spp. in water increases the resulting risk estimate.

RISK ASSESSMENT: VIRAL ORGANISMS

Three separate groups of viruses were identified for assessment. Enteroviruses,

which encompass poliovirus, coxsackievirus groups A and B, and echoviruses, were the only
viruses for which dose-response and concentration data were available. Therefore risk
estimates were made only for enteroviruses.
' The dose-response data, as well as data on concentration in water for developed
countries, were taken from the work of Mechalas et g_l_.m The response for these data is
infection rather than disease. This was the case because no additional data other than
those reported by Mechalas et al. were found in our literature review. An estimate was
made of the concentration of enterovirus in water in developing countries and is shown in
Table 22.

Therefore, use of the lognormal dose-response model {(see Table 45) of Mechalas
et al., as well as their concentration data in fresh water [geometric mean = 113 and
standard deviation = 3, tissue-culture infective dose (TCID)], resulted in the low- and
high-risk curves for developed countries as shown in Fig. 21. To generate the low-risk

curve for developing countries, the dose-response equation of Mechalas et al. was again
used, along with the concentration estimates made in Table 22. This risk curve is also
shown in Fig. 21.

Analysis of these curves indicates that at the low-risk boundary, the probability is
0.5 that the fraction of troops ill would be less than or equal to 0.18 in developed countries
and less than or equal to 0.48 in developing countries. The high-risk curve indicates that
the probability is 0.5 that the fraction of troops ill would be less than or equal to 0.9.

Please note that the end point (i.e., responss) is infection rather than disease for the
viral data. Therefore, when using the risk curves, one mus: recognize this distinction. If
one wishes to calculate the risk curve with disease as an end point, a proportional
reduction of the infection-risk curve would be necessary. Adequate data do not presently

exist to reach more accurate evaluations of risk to debilitating disease; however, one
study has shown that infecticn with wild poliovirus resulted in disease for 1 in 75 adults
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Table 45. Enteroviruses dose-response equation parameters.

Parameter
Equation 1 2

Lognormal GM = 2.5 x 10% GSD = 73

and 1 in 1000 children." These data do not suggest that these are typical ratios. Applying
these data to the infection-risk curve would reduce the fraction ill by at least 99%; in
other words, approximately 1% of the individuals predicted to develop an infection would
also become ill with the disease.

RISK ASSESSMENT: PARASITIC ORGANISMS

Two parasites, Entamoebu histolytica and Giardia lamblia, were selected for risk
assessment. The following is a discussion of the assessment for each organism.

Entamoeba histolytica

No dose-response data or appropriate envirommental concentration data were
identified in the literature review. Some occurrence data were found; however, these data
are reported only in qualitative terms (i.e., + results). To estimate the risk of diseese
from amebic dysentery, it was assumed that the dose-response data were similar to those
of G. lamblia for which such data exist (see Table 46). Because no concentration data
were found, estimates were made for both developed and developing countries (see
Table 22).

Using the above values, we applied the risk-assessment models and the equation
giving the most conservative estimate of risk was determined. The results of the medel
runs are shown in Table 47. Review of the results indicates that by changing the
dose-response equation, we modify the expectation of the risk distribution from +21 to
+29%. These results indicate that the dose-response variable is sensitive to the equation
used. The exponential model was selected, based on thess results, to use in calculating the
upper- and lower-risk boundaries because it resulted in the highest estimate of risk.

A plot of the risk curves is shown in Fig. 22. The low-risk boundary indicates that
the probability is 0.5 that the fraction of troops ill would be equal to or less than 0.03, and
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Figure 21. Cumulative-risk curves showing effect of changes in treatment efficiency on
the risk of becoming ill as a consequence of consumption of enteroviruses in drinking
water. The curves were determined using (1) n = 20 troops and il = infection symptoms;
(2) a lognormal dose-responsn relationship; (3)a dose distribution with a
GM = 113 organisms/L and a GSD « 3; (4) treatment efficiency equivalent to no treatment
in the high-risk curve and 2 to 5 log removals in both low-risk curves.

the high-risk boundary indicates that the probability is 0.5 that the fraction il would be .
equal to or less than 0.94. In developing countries, the low-risk boundary indicates that
the probability is 0.5 that tha fraction of troops ill would be equal to or less than 0.9.

Glardia lamblia

Three of the four dose-response equations were fit to the svailabla data (sea
Table 46). The dose-responss equation parameters are shown in Table 48. An attempt to
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Table 46. Giardia lamblia dose-response data.
Dose Response Number of ‘
{cysts) (fraction infected) subjects . Ref.
1 (4] 5 43, 44
10 1.0 2 43, 44
25 0.3 20 43, 44
102 1.0 2 43, 44
104 1.0 3 43, 44
10° 1.0 3 43, 44
3 x 10° 1.0 3 43, 44
108 1.0 2 43, 44
Table 47. Entamoeba histolytica dose-response equation sensitivity.
Equation Ex(x)3 Var(x)b Sensitivity (% difference)C
Logistic - -— -
Beta 13.3 39.7 -
Exponential 17.1 48.9 Yes (28.5)
Lognormal 16.1 47.0 Yes (21)

a Ex(x) « mean of distribution.
Var(x) « variance of distribution.

C"Yes" or "No" implies whether or not the difference is considered significant,
compared to the beta equation. .

fit the logistic equation to the available dose-response data resulted in a uniform equation
{i.e., zero slope). Therefore this equation was not used.

Because no data rclative to the occurrence and concentration of Giardia lamblia in
water were found in the literature review, calculation of a probable value was necessary.
It has been estimated that raw sewage may contain from 96,000 to 2,400,000 cysts/L when
1 to 25% of the population is infected.17 If we assume a dilution rate of 100:1 for a

87



Fraction of troops ill

10

1 T ]
'
High risk |
osf ——" o
(daveloping :
countriss) ‘
08 [ -
|
|
0.7 |-
I
i
0.6+ | -
!
)
05 -
|
I
|
04 1]
I
)
’I
03} Low risk | -
(developed /
countries)/
02} / .
/ .
/
/
0.1+ // -
V4
’// .
0 L1 12”1 [ N I |
0 02 0.4 0.8 08 1.0

Cumulstive probsbility

Figure 22. Cumulative-risk curves showing effect of changes in treatment efficiency and
organism-concentration parameters on the risk of becoming ill as a consequence of
consumption of Entamoeba histolytica in drinking water. Each curve was determined using

(1) n = 20 troops and ill = infection, and (2) an exponential dose-response relationship.
However, a concentration distribution with a GM = 13 organisms/L and a GSD = 7 was used
for developed countries, and a concentration distribution with a GM = 148 and a GSD = 73
was used for the low-risk curve in developing cuuntries. A treatment efficiency
equivalent to no treatment was used for the high-risk curve, and a treatment efficiency
equivalent to 2 to 5 log removals was used for both low-risk curves.
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Table 48, Giardia lamblia dose-response equation parameters.

Parameter
Equation 1 2
Logistic - -—
Beta a=0.18 B =116
Exponential r=1.53x 1072 -
Lognormal GM = 102 -GSD = 17

stream, the result is a calculated geometric mean of approximately 1500 cysts/L (assume
standard deviation = 750). A value of 100 was used to run the risk model for both
developed and developing countries because it was a more conservative estimate than the
values shown in Table 22,

The risk-assessment model, based on the above values, was run to identify the
dose-response equation that results in the most conservative estimate of risk. The results
of these runs are shown in Table 49. Raview of the results indicates that by changing the
dose-response equation, we modify the expectation of the risk distribution by roughly 6%,
which is not considered sensitive when applying the 10% differencs criterion. Becausa the
exponential distribution resulted in the mnst conservative estimate of risk, it was used to
calculate the risk curves for Giardia lamblia.

A plot of tha risk curves is shown in Fig. 23. The low-risk boundary indicates that
the probability is 0.5 that the fraction of troops ill would be equal to or less than 0.92, and
the high-risk boundary indicates that the probability is 0.5 that the fraction of troops ill
would be equal to or less than 0.94. These results indicate that Giardia lamblia, based on
our conservative estimates, presents a significant level of risk.

SUMMARY: RISK-ASSESSMENT RESULTS

The risk-assessment results for water-related pathogens evaluated in this study are
summarized in Table 50. Review of the table indicates that the exponential dose-response
model provided the most conservative estimate of risk for 5 of 11 pathogens evaluated,
and that the logistic model provided the most conservative estimate for 3 of 11 pathogens.
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Table 49. Giardia lamblia dose-response equation sensitivity.

Equation Ex{x)a Var(x)b Sensitivity (% difference)C
Logistic -— — -—
Beta 16.09 45.64 -—
Exponential 17.14 49.01 No (6.5)
Lognormal 17.12 48.81 No (6.4)

a Ex(x) » mean of distribution.

b Var(x) = variance of distribution.

C "Yes" or "No" implies whether or not the difference is considered significant,
compared to the beta equation.

The most conservative risk estimate for giardiasis was derived using the exponential
equation. Because dose-response dcta for the remaining two agents (Yersinia and
enteroviruses) were extremely limited, only the lognormal equation was used in their risk
evaluation.

Review of the risk-assessment results for developed countries indicates that the
pathogenic organisms, E. colj, Salmonella spp., and Yersinia spp., pose the highest degree
of risk of illness (i.e., disease) at the low-risk level (i.e., 2- to 5-log removal treatment
efficiency). For the other pathogens at the low-risk level, the fraction of troops ill was
generally below 10% at the cumulative probability of 0.5. In general, risk estimates at the
high-risk level (i.e., no treatment) indicate that, with the exception of V. cholerae El Tor,
all organisms present a high degree of risk of iliness.

Review of the risk assessment for developing countries indicates that S. typhi
presents the lowest degree of risk, followed by pathogenic E. coli and enteroviruses. In
the latter instance, it should be noted that the risk is to clinical disease, whereas the risk
associated with enterovirus is to infection. The ratio of infection to clinical disease in the
case of enteroviruses is high (i.e., more infection than disease). The remainder of the
organisms have a level of risk similar to the high risk level in developed countries. The
model was not run for the high-risk level in developing countries because of the findings of
the model runs at the low-risk level.

As praviously discussed, the risk-assessment mode! was sensitive to a two-order-
of-magnitude change in pathogen concentration variation. Based on a comparison of the
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Figure 23. Cumulative-risk curves showing effect of changes in treatment efficiency on
the risk of becoming ill as a consequence of consumption of Giardia lamblia in drinldng
water, The curves were detsrmined using (1) n = 20 troops and ill = infection; (2) an
exponential dose-response relationship; (3) a concentration distribution with a
GM =« 100 organisms/L. and a GSD = 50; (4) treatment efficiency equivalent to no
treatment in the high-risk curve and 2 to § log removals in tha low-risk curve.
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Table 50. Summary: risk-assessment results.

Fraction of trocps ill or less at
cumulative probability of 0.5

Developed Developing
country, country,

Pathogen Dose response@ low risk High riskC low risk
BACTERIAL:
Shigella spp. Exponential 0.08 0.94 0.90
Vibrig cholerae

Classical Exponential 0.00 0.78 0.82
V. cholerae El Tor Logistic 0.00 0.80 0.00
Campylobacter Lognormal 0.04 0.95 0.93
Escherichia coli Logistic 0.29 0.50 0.42
Salmonella spp. Exponential 0.55 0.92 0.62
Salmonella typhi Logistic 0.00 0.82 0.07
Yersinia spp. Lognormale 0.83 0.93 0.92
VIRAL:
Enteroviruses Lognormale 0.08 0.94 0.46
PARASITIC:
Entamoeba histolytica Exponential 0.03 0.94 . 0.90
Giardia lamblia Exponential 0.90 0.91 0.90

8 Disease is the response for bacterial pathogens, and infection is the response for viral
and parasitic pathogens.

b Low risk: assumes 2- to 5-log removal treatment efficiency.
C High risk: assumes no treatment.

d Low risk (developing country): assumes 2- to 5-log removal treatment efficiency, as
well as a higher raw-water pathogen concentration.

€ Only model run made.
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Table 51. Latency? of common waterborne pathogens.

Volume §

Organism Latencyb
(d)
Shigella dysenteriae 3-8
Campylobacter jejuni 1-4
\;’j_b_r_i_o_ cholerae <1-2
Esckerichia coli 0.1-3
Sulinonella typhi 3-22
Salimonellosis 0.04-4
Entaroviruses 2 -35
Ne-» ralk agent 0.42 - 2.1
Rotavirus 1-4
Entamoeba histolytica 7 -98
Giardia lamblia 3-566

a Latency is defined to be the time (in days) from ingestion to the onset of symptoms.
b Based on data in the Appendices.

risk-assessment.results between developed and developing countries, it appears that the
model is also sensitive to changes in the mean concentration of pathogens in water. It was
also noted that the volume of water consumed {10 to 15 L/d) had little effect on the risk
estimate.

As a final note, latency (i.e., time from ingestion to the onset of symptoms) should
be considered when reviewing the risk curves. As shown in Table 51, the latency period
for the organisms under consideration is generally 1 to 3d. This indicates that the
expected fraction of individuals predicted to become ill would do so within a 1- to 3-day
period after ingestion cf the organisms.

RECOMMENDATIONS FOR STANDARDS
The development of water-quality standards is a complicated task that involves the

concept of risk. Every human activity involves a certain degree of hazard. Important
interrelated questions about standards and risk are (1) How can risk estimates best be used
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Table 52. Specified-risk curve: finished (treated) drinking-water pathogen concentrations

(o_rganisms/L).

Developed country Developing country
Pathogen Low risk High risk Low risk
BACTERIAL:
Shigella spp. 7 x 20¢! 10° x 3000%! 328 x 239!
Vibrio cholerae Classical 1 1 1x 10!
V. cholerae El Tor 1 1 1 x 10%?
Campylobacter 7 x 20¢1 10° x 30001 42 x 7¢%1
Escherichia coli 14 x 3¢1 10° x 3000%! 1300 x 21%?
Salmoneila spp. 18 x 543! 10_6 x 6000%1 . 23 x 54*1
Salmonella typhi <1 x 7¢1 2000 x 630! 328 x 230¢!
VIRAL:
Enteroviruses 1x 431 6000 x 220il 14 x 44‘-"-l
PARASITIC:
Entamoeba histolytica 1 x 6! 1300 x 490! 12 x 4131
Giardia lamblia 653 x 34821 107 x 5¢! 653 x 348%1

Note: Low risk = most conservative dose-response model, 10L +10% water
consumed, and 99 to 99.999% organism removal.

Note: High risk « most conservative dose-response model, 15L+10% water
consumed, and 0% organism removal.

for setting standards? (2) What is an acceptable level of risk associated with water-related
disease? (3) How can this information be used in deciding the appropriate level of resource
commitment to achieve the standard?

To address the first question, a concentration of pathogens in finished drinking water
(i.e., treated water) can be determined for a selected risk distribution. These values have
been determined for both the low- and high-risk curves. The resulting concentrations are
shown in Table 52.

Addressing the second question involves consideration of the acceptability of risk or
risk evaluation. The latter step is difficult to accomplish because it involves a decision as
to the amount of risk that can be tolerated to achieve a defined level of benefit. This
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Figure 24. Cumulative-risk curves showing tha effect of improving treatment efficiency
and knowing precisely the factor of reduction in number of organisms per liter on the risk
of becoming ill as a consequence of consumption of Salmonslla spp. in drinking water. The
curves were determined using (1) ne 20 troops and ill = disease symptoms; (2) an
exponential  dosa-respense  relationship; (3Ya dose distributicn  with a
GM = 172 organisms/L and a GSD = 89; and (4) treatment efficiencies equivalent to no
treatment, 2 to 5 log ramovals, 3 to § log removals, 4 to § loy removals, § to 5.3 log
removals, and 5 to 8 log removals.
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Figure 25. Cumulative-risk curves showing the effect of improving treatment efficiency
and knowing precisely the factor of reduction in number of organisms per liter on the risk
of becoming ill &s a conseﬁuenca of consumnption of Shigella spp. in drinking water. The
curves were determined using (1) n =20 troops and ill = disease symptoms; (2) an
exponential  dose-responsa  relationship; (3)a dose  distribution with a
GM = 100 organisms/L and a GSD = 50; and (4) treatment efficiencies equivalent to no
treatment, 2 to 5 log removals, 3 to 5 log removals, 4 to 5 log removals, 4 to 6 log

removals, and 4.1 to 6 log removals.
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Table 53. Alternate-risk curves: finished (treated) drinking-water pathogen
concentrations (organisms/L).

Treatment efficiency Concentration

(% removal)® Salmonella spp. Shigella spp.
99-99.999 (2 to 5 log) 18 x 54%1 7 x 2041
99.9-99.999 (3 to 5 log) ~ 2xs3t! 0.7 x 204!
99.99-99.999 (4 to 5 log) 0.2 x 561 0.09 x 30%1
99.99-99,9999 (4 to 6 log) h 0.07 x 20%1
99.993-99.8999 (4.1 to 6 log) b 0.05 x 29*!
99.999-99.8995 (5 to 5.3 log) : 0.03 x 681 b
99.999-99.9399 (5 to 6 log) 0.02 x 56+! b

a Range also represents reliability.
Computer run not made.

requires personal and social value judgments, as opposed to the more scientific
quantification of risk assessment. From the risk curves developed in this study, the
military experts, who are most aware of the judgments required for risk evaluation in the
armed services, should make such judgments. Once an acceptable-risk curve is identified,
a concentration in the treated water can then be determined. For example, if the low-risk
curve for pathogenic E. coli (Fig. 15) is deterrnined to present an acceptable level of risk,
then the drinking-water standard necessary to achieve that level of risk is approximately
14 x 331 organisms/L in the treated water (see Table 52).

To set a standard, a level of risk must be specified. Discussions with Dr. Stephen
Schaub®® indicate that the military would want to be confident (e.g., 0.95 cumulative
prabability) that less than 5% of tha treops would becoms ill after drinking water with a
specified concentration of pathogen organism. To achieva this level of risk, it would be
necessary to modify one or more of our assumptions regarding volume consumed, pathogen
concentration, and treatment efficiency. Becausa the modei is most sensitive to the
treatment-efficiency variable, this variable was sslected for modification to illustrate the
different levels of risk asscciated with diffcrant levels of treatment efficiency.

The organisms, Salmonella spp. and Shigella spp., were chosen to illustrate the levels
of risk, mainly because scme data relate the pathogenic organisms to indicator crganisms.
Shown in Figs. 24 and 25 are the risk curves for these two organisms with varying
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treatment removal efficiencies. These data are summarized in Table 53, along with the
calculate’! finished drinking-water concentration values associated with the different risk
curves. s shown in Table 53, to achieve a 0.95 cumulative probability of <5% troops ill, a
5~ to 6-log reduction (99.999 to $9.8939%) of orgamsms is necessary for Salmonella spp.
and a 4.1- to 6-log reduction (99.593 to 99.9999%) is necessary for Shigella spp. An
interesting result of this analysis is that as the reliability of the treatment efficiency
increases, the level of risk decreases drarnatically. This result is best illustrated in
Fig. 24. As the treatment reliability increases from 2- to §-log remocval to a 4- to 5-log
removal, the level of risk decreases as shown by tha curves moving up to the top of the
figure. The results of this analysis again demonstrate the importance of the
treatment-efficiency variable, including the questicn of reliability associated with the
treatment system. Because a finished drinking-water concentration has been calculated
for the selected organisms at the level of acceptable risk identified by the military, the
next step is to relate that concentration to a concentration of indicator organisms.

Ideally, indicators of drinking-water quality are microorganisms whose
concentrations in water can be rclated quantitatively to potential health hazards resulting
from drinking the water. Potential indicators can be screened for use against the following
criteria.'® An indicator microorganism:

1.  Must be a reliable measure of the potential presence of specific contaminating
organisms, both in natural waters and in waters that have been subjected to
treatment. To meet this requirement, the indicator organism or organisms must
react to the natural aquatic environment and to treatment processes (including
disinfecticn) in relatively the same way as do the contaminating organisms;

2. Must be present in numbers that are relatively much larger than those of the
contaminating organism whose potential presence is to be indicated. Otherwise,
detection of the contaminating organism itself would serve a more useful purpose;

3. Must be identified readily by relatively simpie analytical procedures;

4,  Must lend itself to numerical evaluation as well as qualitative identification.

2 . . .
For nearly a0 vy, 5 the coliform bacteria and, more recently, fecal coliform have
been uscd as a tool to measure the occurrence and intensity of fecal contamination; for
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the corracted ratias of Saimeneila tvrhi to total coliform bacteria conzidercd to actually
occur in either sewage or pollutad water. ’

the most part, they meat tha critona cutlinzd ghove. Use of the celiform orgonism still
appears reasonabla on both theorstical end practical grounds becausa measuring specific
pathogens remairs impractical for severel reasons:

1.  Many different pathogonic organizms (bacteria, viruses, and parasites) con oxist in
water;

2.  Monitoring for each organiom would ba difficult, time-consuming, and costly;

3. Enumeration motheds for some of tha more importunt pathngens ara eithar
uvnavnilshla or impraciss.

79




I
Eﬂv’?
¥
7
i

Volume 5

Kehr and Butterfield®® reviewed several studies in England, Indonesia, and
California, where the successful enumeration of both coliferms and typhoid bacilli in
sewage and polluted waters was carried out at the time of outbreaks of typhoid fever. As
shown in Fig. 26, they derived a relationship between the morbidity rates from typhoid
fever in different areas and the ratio of S. typhi to total coliform in sewage and polluted
waters. An actual ratio relationship, as shown in Fig. 26, between these organisms was
suggested, based on correction of the data reviewed for recovery ratics. This curve can be
described by the following equation:
y=ar, (21)
where

a and n are constants = 3 and 0.46, respectively;

v = the number of pathogenic bacteria per 106 coliform organismns; and

r = the morbidity (relative incidence/100,000 persons).

Assuming that the relationship between coliforms and enteric pathogens holds for
both sewage and the receiving waters, one can then estimate the number of pathogens in
the receiving water. Bzsed on a morbidity rate of 0.18 per 100,000 persons for typhoid in
the United States, the estimated number of S, typhi organisms is shown in Table 54.
Moreover, if we assume that the relationship holds for other Salmonelia spp., as well as
Shigella spp., and that the morbidity rates for salmonellosis and shigellosis in the United
States are 360 and 160 per 100.000,46 respectively, then the estimates of these organisms
in receiving water are as shown in Table 54. Note that the morbidity values for these
diseases are inflated by 95% over the reported rates because the reporting of thess
diseases is roughly 5%.

Based on the ratio of pathogen to indicator organism shown in Table 54 and the
concentration of pathogenic organisms in finished drinking water previously calc uated
(see Table 53), the coliform concentration in finished drinking water can then be
calculated. The results of this calculation are shown in Table 55. As shown in Table 55,
the coliform density is for a cumulative probability of 0.95 and <5% of the troops ill,
which, for the purpose of this study, represents an acceptable level of risk.

Nevertheless, there are no relatively simple field tests for measuring the spécific
concentration of any of tha'variety of infectious organisms previcusly discussed. Until
such tests are available for determining either directly or indirectly {%ased on indicator
organisms) the concentration of specific infectious orgenisms in field water, the military
should continue to usa the membrane-filter technique for the presumptive determination
of the presence of coliform organisms in water. The present field-water quality standard
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Table §4. Estimated numbear of baeterizl pathegans per million coliforms.

Bacterial pathogons

Organism per millicn coliforms
Salmoneila typhi 1.4
Salmoenalla spp. 44.9
Shigella spp. 30.9

Table 55. Finished drinking-water concentration cumulative probability of 0.95 <5%
troaps ill.

Pathogen Treatment Coliform
Pathogen concentrationd efficiency density
Salmonella spp. 0.024; 0.0004 to 1.4 99.993 to 99.9329 53; 0.89 to 3110
Shigella spp. 0.049; 0.0017 to 1.4 99.993 to §99.9999 158; 5.5 to 4530

2 Geometric mean, and §8% confidence interval.
b Geometric mean {organismns/100 mL), and 68% confidenca interval.

based on this technique (i.e., coliform dznsities sheould not exceed ona colony-forming unit
(CFU) per 100 mL}47 is considercd accoptable a5 both a shert- and long-term standard for
pathogonic organisims, including viruses and protozoa. However, further reseerch should
be performed with regard to the applicability of a coliform standard to viruses and
protazon as all of these organisms might differ in their survivability and troatability,
particularly with respect to disinfaction. Nevertheless, no better relationship between an
indicator organism and pathogenic organizms in water exists at this time, and the coliform
standard is practicable for field application because it eliminates the nsed to menitor for
many diffzrent pathogoenic organisins that may or may not be present.

To overcome any limitations asceciated with using a coliform standard for all
pathogonic organisms, censideration should be given to transporting water samples
collacted in the field to a centrally lecated ficld laboratory whers detailed microbiological
anelyses could be conducted. Such analyses would pemait the concentration of specific

infectious orgonisms to be datermined. In a 1985 field exercise invelving approximately

ne
.2 . . .
5060 troops duployed over & 525-mi” area in New Brunswick, Canada, a helicopter was

21
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used successfully to transport field-water samples rapidly to a central field-water testing
laboratory, with minimal sample deterioration. Test results were returned to appropriate
engineering personnel within a 24-h period.48 The data from such laboratory analyses
could then be used in combination with the risk-assessment methodology discussed earlier
to estimate the related health risks to military personnel exposed in the future.

A two-tier analytical approach might also be considered that would capitalize on the
use of the membrane-filter technique in the field to datermine whather the concentration
of pathogenic microorganisms, particularly those of fecal origin, are likely to be of
concemn and then, if indicated, employ the more sensitive analytical capabilities of a -
central field laboratory to quantify the concentration of specific infectious organisms in
order to estimate health risks in the future. The two-tiered analytical strategy would be
useful for prioritizing the locations requiring sample transport to a central laboratery for
further analyses.
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CONCLUSIONS
In this research effort we have accomplished the following:

Developed and documented a rational methodology for evaluating the risk of
infectious illness to individuals drinking water of varying quantity and quality.

Developed a mathematical mcdel (and computer program) for calculating the risk of
illness.

Identified a data format appropriate for the model. In this instance, the data are
separated into two groups: cne describing the likelihood that an individual would
encounter a given dose of a pathogen in water, and one describing the capability of
the exposed individual to withstand a challenge dese (i.e., dose response). Basically,
for given levels of pathogens in water, water volume consumed, treatment
efficiency, and a pathogen cose-response relationship, a prediction of the number (or
percent) of affected individuals can be made.

Compiled an extensive literature review of 11 pathogens of worldwide significance,
with particular attention to factors such as occurrence, persistence, dose-response
relationships, prevalence, disinfection resistance, and indicator-pathogen
relationships; and entered this information into a computer data base. This review is
in the Appendices of this report. '

Conducted a quantitative risk assassment for 11 pathogens.
Identified drinking-water standards for low- and high-risk levels in terms of a log
mean and a standard deviation. The pathogen that causes the greatest risk should be

used in developing an overall nurnerical standard.

Finally, a rigorous calibration and testing of the model was hampered by the lack of

available data. Arsas where more information is needed have been indicated. However,
the model provides an opportunity to estimate the health risk from many different

waterborne pathogens.
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UNCERTAINTIES AND RESEARCH RECOMMENDATIONS

In performing this study, it became obvious that the analysis of risk is influenced
strongly by the information available on the occurrence and concentration of the pathogen
in water, as well as the level (i.e., efficiency) of water treatment. The lack of
information on the occurrence and concentration of pathogens in water is disturbing.
Better definition of this variable would improve the confidence of the risk estimates.

As discussed in the Appendices, there are many instances in which no techniques
exist that would allow for the measurement of pathogens in water. Therefore, it is
strongly recommended that additional rescarch be performed to develop reasonable
quantitative techniques for the isolation and enumeration of important pathogenic agents
in water. These metheds could then be applied to determine the concentration of these
infectious agents in priority waters in selected geographic areas.

As for the level of treatment, the risk estimates made in this study assumed a
maximum treatment-efficiency rate of 2- to 5-log removals. Reducing the uncertainty
associated with this variable by reducing the pathogen-removal range and/or increasing
the removal rate was shown to improve the confidence of the risk estimate. For example,
increasing the treatment-efficiency removal rate from 2 to 5 logs, to 4 to 5 logs, and 5 to
6 logs dramatically lowered the risk distribution as shown in Fig. 24. Documentation of
the removal rates of military water-treatment equipment would improve the confidence in
the risk estimates.

In addition, several other issues warrant further investigation. These issues include
secondary infections, multiple exposure days, the relationship between infection rates and
cases of clinical disease, indicator-pathogen relationships, and large numbers of troops at
risk (i.e., >20). '

In this risk-assessment exercise we have assumed that the infections involved would
be associated only with water contact. There may be secondary infections in which the
primary infected case transmits the disease via person-to-person contact. The impact of
this latter scenario on the risk of disease to exposed troops should be evaluated.

With regard to multiple exposure days, the model, as developed, is based on a
single-day exposure. An approach to addressing this issue could be to use the concept of
sampling without replacement. That is, on the first day, the entire population is exposed
to the dose distribution. A risk curve is calculated, using tha model, and an acceptable
risk is identified. Subsequent days of exposure are considered independently, and the
population is reduced by the number ill for each day. This assumption is conservative
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because it does not recognize those whese mmunity developed from previcus exgposures.
Because of this assumnption, the approach may cnly be appropriate faor time periods up to
7 d. This approach can be represented by the following equation:

w=(-FN, (19)

where:
W = number of individuals remaining well,
F « fraction of individuals ill,
k = days of exposure, and
N = total population.

For example, the military could indicate that F = 10%, that k= 7 d, and that N =~ 50
individuals. Based on tha above eguation, W would then equal 26 individuals remaining
well or 24 ill individuals. Alternatively, the military could specify the number of troops
that must remain well (W) within a specified time period (k). Then F, the acceptable
fraction of trcops becoming ill, could be calculated. Once F is identified, the risk model
can then be us2d to identify the concentration of pathogens in the finished drinking water,

Frequently, dose-resconse data on infectious disease are reported in terms of
infections rather than of clinical diszase; this is particularly true with viral diseases. To
reach more accurate evaluations of risk for debilitating disease, it would be very veluable
to develop infecticn/disease ratios in those cases where only infection data exist.

Indicator-pathogen relationships are a major area of concemn. Information
concerning this relationship is extremely limited. The most important effort in this
instance is the 1943 report by Kehr and Butterfield.32 They attempted to associate
coliform number with the concentraticn of S. typhi as a function of diszase morbidity.
More adequate information of this kind is urgently needed for the raticnal interpretation
of water-monitoring data. i

The last issuz relates to the numbar of individuals {i.e., troops) at risk. The mecdeal
nuns to date have been using n - 20 individuals at risk. An interesting questicn that
warrants investigation is whether the risk distribution would changs if the number of
individuals at rick werez to increase. A run of 100 individuals at risk was made. A
comparison of the results that develop with a run of 20 individuals is shown in Fig. 27.
Based on this example, it appears that as n increases, the risk distribution changes
slightly. This chznga appears to result from the variance associated with the risk

distribution.
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Figure 27, Cumulative-risk curves showing effect of changes in troop number (n) on the
risk of becoming ill as a conseguence of consumption of enterovirus in drinking water.
Each curvz was determined using either n = 20 or n = 100 troozs.
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Review of the risk-distribution variance, Eg. (12), .indicates that the variability
associated with the observed proportion of ill individuals among a group of size n
originates from two sources: (1) the binomial distribution f(x]6), and (2) the
beta-distribution g(6). For large numbers n of individuals, the binomial sampling
variability becomes negligible, and it appears that the risk distribution is then
approximated by the g(8) distribution. Further review of this assumption is necessary. It
appears that modification of the model to allow for the calculation of risk for a large
population has interesting implications relative to the risk associated with municipal water
supplies, and such modification presents the possibility for verification/calibration of the
model against reported incidence data. Further work should be conducted in this area.
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APPENDICES

DATA BASE FOR ASSESSING THE HEALTH RISKS
ASSOCIATED W1ITH THE COMSUMPTION OF
WATERBORNE INFECTIOCUS ORGANISMS

Each of the first three appendices (A, B, and C), which represent the data base
used for assessing human health risks, describes the environmental properties of a specific
pathogen or group of pathogens, as well as the epidemiology end control of diseazes

ssociated with these infectious orgonisms. These eppendices are grouped by binlogical
class of pathogen: bacteria (Appendix A), viruses (Appendix B), and parasites fie.,
protozoa and helminths) (Appendix C). Each appendix is divided into sections that dizcuss
individual topics. Tha sections ars indicated by subscripts to tha appendix letter (e.g., Al’
Az. Bl' BZ' etc.). To keop each sectional topic as an individual unit, the separata scctions
are each followed by their own refercnces. The tables in each section are identified by a
number precedod by the appendix end subscripted section indicator (e.g., Tabls Al--l,
A,-2, B 1, B 12, ete.). Emphasis in each section is placed on (1) the occurrence and
concentration of the pathogen in the environment, dose-response relationships, and
indicator organism-pathogen relationships; and (2) the presentaticn of complex (and
sometimes contradictory) evidence as clearly and concisely as possible. The source of
inforrmation for the appondices is the open literature,

Appendix D summarizes the uncertainties encountered in our research end
identifies potential areas for further study.
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APPENDIX A: BACTERIAL ORGANMISMS

SECTION 1. Shigslla

ETIOLOGY AND CLIN'CAL DISEASE

The genus Shigella is made up of Cram-negative, facultatively anaerobic, nonmotile
rods. Four species exist and are all pathogenic in humans and other primates. The four
species are divided into groups: Group A, S. dysenteriae (10 serovars); Group B, 8. flaimeri
(17 serovars); Group C, S. bovdii (15 serovars); and Group D, S. sonnei (1 serovar). Most

other animals are resistant to Shigella infection and d.isease.1

Shigellosis, an acute bacterial disease invelving the large intestine, is characterized
by diarrhea and is accompanied by fever, nausea, vomiting (sometimes), cramps, and
tenesmus. In severe cases, stools may contain bleod, mucus, and pus; and both mild and
asymptomatic infections oc:c:m'.2 Shigellosis differs from salmonellosis in that Shizella
organisms rarely invade beyond the mucecsal epithelial cells or submucosa lining of the
intestine.3 In severe cases of dysentery, mucosal destruction and ulceration cccur but do
not extend beyond the intestinal tract.3 Shigella dysenterine type 1 produces a heat-labile
exo-enterotoxin that affects both tha gut and central nervous sy"stem.4's The severity of
illness and the fatality ratz are functions of age, nutrition, and dose of organism. For
S. dysenteriae (Shiga bacillus) infection, fatality rates approach 20%; for S. soonei
infection, a short clinical course results in an almost negligibla fatality rate {except in a
compromised host).z

The symptoms of shigellosis may last from 48 h to several r*ncnths.ﬁ"8 Shadding,
however, may continue up to several months in asymptomatic carriers. Treatment with
ampicillin and tetracycline shortens the clinical disease and shadding stage of 2_13,33)_139

GCCURRENCE

Shigellosis cccurs worldwide, primarily in children under 10 y old. Outbreaks of this
serious diseasa ara commen under cenditions of crowding and poor sanitation, such as in
jails, institutions for children, mental hospitals, crowded camps, and ships, It is endemic
in both tropical and temperate climates, and its habitat is the gut of humans and other
primates.z All waterbomo outbreoaks have been associatsd with fresh waters rather than
marine waters.
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This literature search revealed that, until 1579, Shigella spp. had been the most
common bacterial pathozsns izolated from waterborne cutbreaks in the United States,
with rates of 4.1% in 1975 and 5% in 1973.19°1%2 1n a survey10 conducted in the U.S.
between 1964 and 1973, water was found to be the common source for 14% of all
shigellosis outbreaks. Shigella connei has been the most common Shigella spp. isolated in
waterborne shigellosis.w'ls Also, the most comnmon U.S. water source of shigellosis has
been well water and/or semipublic water systems.”'lg Mixed infections have been
reported to occur in up to 35% of shigellosis patier‘xts.m'21 In developed countries,
S. boydii is the most commoon species, wheareas in arces of poor hygiene, S. dvsenteriae is
predeminant.zz For a summary of attack rates, sources, carrier rates, and secondary
attack rates, refer to Table Aj-L

RESERVOIR

The only known siznificant reservoir is man, but outbreaks have been reported in

primate colonies.
MODE OF TRANSMISSION

Transmission is by direct or indirect fecal-oral contact from a patient or carrier.
Water, milk, and f{lybome transmission may occur as the result of direct fecal

cor:tamination.2
SUSCEPTIBILITY AND RESISTANCE

Exposed populations are generally susceptible to infection foliowing ingestion cf a
small number of organisms; the disease is frequently more severs in young children than
adults, among whom many infections may be asymptomatic. The elderly, debilitated
individuals, and persons of all ages suffering from malnutrition, are particularly

susceptible to severe disease, including u'i:ath.z
ENVIRONMENTAL PERSISTENCE

The literature search revealed one in-depth experiment describing Shicella survival
undar environmental conditions, This work by Wang gt &30 shownd that Shigella survived:
(1) longer when fecal coliform (FC) numbars were high; (2) poorly when total plate counts
worg high (3,10G heterotrophic organisms/mL); and (3) longer at lowae: temporatures
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Table A1-1. Cccurrence of Shigella spp.
Shigella spp. Location AR2 Source Ref.
S. sunnei United States 437 Well water 23
United States 720-920 Well water 14
Brazil 320 Tap water 21
United States 185 Tap water 16
United States 180 River water 16
Thailand 30 TDb 24
S. dysenterize Guatemala 60 Water 6
Bangladesh 120-280 Well water 7
Bay of Bengal 330 Well water 8
Thailand 30 TDb 24
S. flexnari Caribbean 350-200 Cruise ship 25
Thailand 11 TDb 24
S. boydii Thailand 80 TDb 24
Shigella spp. Canada 703 Laks water 26
United States 631 Lake water i6
United States 80 U.S.-Mdgc 27
Shigzlla spp. Location CRd SAR® Ref.
S. sonnei United States -— 90 14
Great Britain 8 120 28
S. dysenterize Guatemala - 337 6
Bangladesh _— 204 7
Shigella spp. United States -— 750 10
Panama 28 - 29

8 Attack rate (per 1000).
b Travelers' diarrhea.

€ Based on reported dissase outhreaks in the U.S.
d Carrisr rate {zer 1C00).
e Secondary attack rate {per 1000).
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(i.e., 15 to 17°C vs 20°C). Shigella survived 22 d in well water; however, die-off
reportedly began within 1 h.zg Therefore, it can be said that Shigella under ambient
conditions (15° to 20°C) will persist longest in fecally polluted fresh water. ‘At lower
temperatures {0°C) Shizella has been shown to survive for 47 din a frozen river in Siberia
and 135 d in associated soil. It is thought that the permafrost may maintain a reservoir of
Shigella around Siberian ss:ttlements.31

Shigella can be resistant to increases in salt concentration, but this phencmenon is
temperature-dependent. For example, in an estuarine environment, Shigella may persist
for 25 d at 13°C, but only 4 d at 37°C. In seawater, Shigella survival is strain-depandent,
persisting from 15 to 70 d.31 Shigella flaxmerd strain 6 was found to grow in stored water
contaminated with seawater on a cruise ship.25 Further evidence of survival in seawater
was given by Mitchell, showing that Shizella die-off in seawater is not very rapid; about
90%/d.32

In fresh water, Shizella displays the same basic survival patterm as most other
enteric organisms, except that die-off cccurs more steadily, and the organisms completely

disappear within 14 d.°% When comnpared with other enteric bacterial pathogens, Shigella
34

was second only to Aeromonas in persistence.
DOSE RESPONSE

The dose-responsz data presented in Table Al—z are hased on human-volunteer
feeding studies with Shizella dysenteriae type 1, strains pandemic M131 and endemic A-1
and S. flexneri 2A# and 2A##. Secondary attack rates are quite high, espscially under

10,35 A waterborne Shigella epidemic in an Jowa scheol and adjacent

crowded conditions.
buildings resulted in a secondary attack rata of 93,14

LATENCY

Latency data for Shizclla spp. are presented in Table A;-3. Latency of shigellosis
typically ranges from 1 to 7 d.2 and the diseass symptomology is usually rapid once the
organisms have becoms established in the gut.

DISINFECTANTS

Mest common disinfectants have been shovm to be very effective against Shigella.

The information in Talle A, -4 has been based mostly on in situ studies on . dysenterias.
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Table Ay-2. Dose response for Shigella spp.

Dose ARa Shigella spp. Ref,
10 100 S. dygenteria_e_b 36
10 500 S. dysenteriae” 36
1.8 x 10° 180 S. flexneri 2A# 22
2 x 10 250 S. dysenterize® 36
2x 10° 700 S. dﬁ..enteriaeb 36
5 x 10° 670 S. flexneri 2A# 22
10 330 S. dﬁenteriaec 36
10t 830 S. 2ysenteriae” 35
10* 760 S. flexneri 2A# . 22
10* 250 S. flexneri 2A## 22
10° 440 S. flexneri 2A# 22
10° 750 S. flexneri 2A## 22
108 860 S. flexneri 2A4# 22
107 680 S. flexneri 2A## 22
108 750 S. flexneri 2A## 22

4 Attack rate {per 10C0).

b Strain - pandemic M131,

€ Strain - endemic A1l.

Table A1-3. Latency of Shigella dysenteriae.d

Dose Latency (d) S. dysenterige strain
10 4.0 Pandemic M131
10° 3.0 Pandemic M131
2x 102 6.0 Endemic Al

2x 10" 6.1 Pandemic M131
10? 5.2 Pandemic M131
104 3.0 Endemic A1l

a Ref, 38,
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Table Ay-4. Effsct of disinfectanis on Shizella spp.
Dose Contact time : Temp

Disinfectant {rpm) (h) % kill pH (°C) Ref.
Chloramine 1.2 0.33 100.00 7.0 20-25 37
NaOCl 0.05 0.08 100.60 70 20-25 33
Javex -_— 3.00 100.00" - — 26
NazOCl 0.1 0.28 100.00 - - 25
NaOCl 1.3 - 100.00 -— - 38
NaOCl 3.0 — 1690.00 — - 38
Halazone - - 100.0C* - - 8

Based on end of outhreak upon adrninistration of disinfectant.

However, in those studies where disinfectants were added in response to an outbreak, the
species type was not given.

MONITORING METHOLS

Methodology for the detection of Shigella is qualitative and low in sensitivity.sg

This is due in part to the bicchemical instability of Shigella characteristics in the water
environment, and also frem the antagonistic growth effects of coliform bagteria and
Proteus vu_l*:;aris.ag

Concentration techniques are those that have been outlined for Salmonella in

Section 912A of Ref. 39. Enrichment for Shiczlla must be done with a selective

—ilelar

enrichrnent medium in order to minimize accumnlaticn of volatile acid by-products from
antagonistic bacteria., These media are described in Section 912D.2. of Ref. 39 and
feature pH, temperaturs, and negative-snrichment inhibitory techniques. The selective
icolation medivm of choice is xylcse lysine desoxycholate (XLD) agar, where Shigella
colonies are red and non-~Shineila colonies are ysllow. Further biochemical identification
can be carried out on biochemical properties and characteristics of isolated colonies.
Serological identification may also bz empleyed using the slide agglutination techniques
(Ref. 39, Sec. 912A.4.) with Shigolla antisera. '
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INDICATOR-PATHOGEN RELATIONSHIP

At present, the state of enumeration techniques for Shizella spp. present in water
samples are inadequate; thus, a direct compariscn with coliform numbess is not available.
The only data available are qualitative. McFeters gt §_1.34 have shown that Shigella
survived longer than coliforms in well water at 9 to 13°C. This latter information may
raise some doubt about the validity of coliforms as indicatmis of the przsence of
Shigella 38 but it should be remembered that it is only one study. Table A1-5 below
contains some information on the presence of Shigella spp. and the number of coliforms.

CONCENTRATION IN THE ENVIR.ONMENT

As stated previously, there are no adesquate techniques for accurate enumeration of
Shigella concentration in the aquatic environment; thus, no data are available. The
number of Shigella that might be present in a receiving water can be estimated from the
number of Shigella found in stool (i.e., approximately 108 orgrnisms/g of s‘tool).30

Table Aq-5. Indicator-pathogen relationship with Shigella spp.

Indicator
Shigella spp.2 (coliform/100 mL) : Source Ref.
S. sonnei 125 Well water 14
S. sonnei 33 Tap water 21
S. sonnei 8 Cl tap water 21
S. dysenterias >50 Well water 38
S. dysenteriae 130-909 Well water 8
S. flexneri 49-170 Cruise ship 25
Shigella spp. - 36-1289 Lake 26
Shigella spp. 4x 105 Effluent outfall 40
Shigella spp. 5x 108 8 km dovwnstream 40
Shigella spp. 17500 River water 16

a Reported as present (not quantitative),
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SECTION 2.

ETIOLCGY AND CLINICAL DISFASE

Campylobacter j2jmi (C. fotus subsp, jeiuwni) is a slender, spirally curved red that is
microaerophilic and motile.} This organism was originally thcught to be a veterinary

pathcgen only, but now it is recognized as a major cavse of enteritis in hwnans.
C. jejuni enteritis is characterized by acute diarrhe, abdominal pain, malais

nausaa, vomitinn, ard constitutional complaints, Groos or cecult bleed in association with

white cells is vresent in the hq dd, foul-smelling stoo! .3 A tyzical syndrome of this type

rarely involves febrile convilsions end meningitis. Tha illness is frequently self-limiting
within 1 to 4 d, lastiag no mara than 10 d. 3 Diaznesis of the diseasa is basced on culture of

_L'}
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<2
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-
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the organisms from steols using special media and fncubaticn corditions.d Campylobagter

has also been identificd 25 a causa2 of szcondary effocts of infection, such as arthritiz or
carditis.?

OCCURRENCE

These miciroerganisms ore found werldwide and cccur in all age groups: in developed
countnes mostly in adults (>15 y old) and in doveloping countrics mostly in children (<8 v
old) C. jejuni hos been identified in 3 to 18% of diarthea cases in developed cmmtﬁcﬁ.ﬁ
Cemp/!ohac'tﬂr enteritis usually ccours during summer and fall rathar than in winter and
sprmg. This may bo dua in part to the relatively high incidence of Campylobagtor
entaritis in travelers’ diarrhea (Table Az-l). A sutvey of diarthead pationts in Banglodesh
revealed that mixad infoctions with other bacterial, viral, or protezoal pathegnns occovrred
mora frequently (59%) in patients with G, [elont Mest cases of Campylohactar hava been
identified in Northern Curcpoan countries, proboebly reflecting special intorests and
azsociated expartize. Data on attnck rates enssclated with sources and percent casric

rate and sccendery attack rates for Compylobret

~r spn. are presented in Table A,-1.
L
RECERVOIR
A widn variety of domestic animals, including prultey, swine, beef, sheep, cats, dogs,

end othar pats, 25 well o5 wild animals and birds, are known to excrete €. fetus feivnd in

their feces. Those animals are the major resorvoir of in"m.m,n.a
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Table Aj-1. Occurrence of Campylobacter spp.
Location AR2 Source CrRb  sARc Ref.
England 480-580  Well water 7
England 71 Diarrheal patientsd 8
England 140 Diarrheal patientsd 60 17 9
England 178 Diarrheal patientsd 10
United States 200 Well water 11
United States 51 Diarrheal patientsd 370 12
Thailand 30 U.S. tourists® 13
United States - l\latiomvidef 670 14
United States - l\latiom«n‘.daf 1.2 660 15
Sweden 90-167 Well water 16
Sweden 89 Diarrheal patientsd 17
Norway 26 Diartheal patientsg 18
Mexicn 11 Panamanian touristsh 19
Bangladesh 140 Diarrheal patientsd ]
Worldwide 100 Diartheal patientsd 20
Worldwide 30-140  Diarrheal patientsd 2

% Attack zate (per 1000).
b Carrier rate {per 1000).
¢ Secondary attack rate {per 1000).
Occurrence of Campylobactor isolation from diasrhea patients,
€ Incidence nf Campylohacter diarrhea in U.S, travelers to Thailand,
fSc-conda:y attack rate average in Campylshacter outbraaks in U.S,
8 Highest rate found in adults 20 to 29 y old; >50% imported cases.
Pansmarnian travelers to Maxico.

MODE OF TRANSMISSION

Transmissicn is presumed to be by ingestion of the organisms contained in

B Sy e = r - e « o 5 ereyes g o
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contaminated watér or food and via direct contact with infocted humnans and anima!s.a
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SUSCEPTIBILITY AND RESISTANCSE

There is universal susceptibility when a sufficient number of organisms is
encountercd. The elderly and ths very yocung are the most susceptible. Immune
mechanisms for Campylebacter spp. are not vell undamtood.s

ENVIRONMENTAL PERSISTENCE

Thera was only ona study found that described the environmental percistence of
C. j_qjlr_gi.m Blaser et ol. subjected C. joivoi to a variety of envirgnmental conditions, Of
those envircnments tested, hydrechloric acid and stream water are of the most interest.

Campylohactar jeinni persisted in hydrochloric acid for >30 min at pH 2.5 and 37°C
(6-log reduction), but was complutely eliminatzd in 5 min at pH 2.3 (>7-log reduction) and
within 20 min at pH 2.4. Therefore, it would appear that any rise in stomach pH or
achlorhydria would predispese the hest to intreduction of C. jejuni into tho gut. Also, this
implies that a large inoculurn of C. jejuni is required for infection dus to the ability of a
normochlothydric stomach to reduce ths number of this organism by four orders of
magnitude in 1 min at pH < 2.4.

In autoclaved Colorzdo surface water, C. jejuni survival was shown to be

tempex‘atum-depcndent.z1 Organisms incubated at 25°C survived no more than 4d,
whereas those incubated at 4°C survived for more than 4 wk. Therefore, it is conceivable
that in coentaminated cold waters, small numbers of C. jejuni are capable of initiating an
infection due to rapid wash-through of water to the gut.9

DOSE RESPONMSE

"
22,23 o infective cose of C. jejuni in humans wers found in the

Only two reparts
litaraturs roview ond invoelved eonly two individuals {(see Tables Az—z and :‘\2-3). Milk was
the delivery vchicle in both studies, end becauss it tends to reduce acid in the stomach,
the infective dose was probably lower than would be tha case with water as ths vchicle.zz

The symptomalogy for Campylobacter enteritis at these doses parsisted for 7 d.
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Table Az-2. Dose response and latency for Campylobagter jejuni.
Dose Attack rated Latency (d) Ref.
500 1000 (1/1) 4 22
10° 1000 (1/1) 1-3 23

A Attack rate {per 1000}.

Table A;~3. Hypochlorite effect on Campylohacter.

Concentration of Cl~ in ppm/negative growthd

Number of during expesura time {min)
organisms tested 1 15 30 240 >240
10%-107 - 5 2.5 1.25 0.312
103-10* 1.25 - 0.625 0.156 0.078

8 Minutes of exposure to achieve total removal.

LATENCY

The latency associated with a known dose is presented in Tabls A,-2. The
epidemiological literature, however, indicates incubation periods ranging from 3 h to 10 d,

with the average at3to 5 d.2,15.19.20,24

MONITORING METHODS

The physiological requirements for tha growth of C. jehwmi in the laboratory have
made it difficult to isclate from the environment., A special negative enrichment medium,
incubated at 42-43°C in a micreaercphilic atmeosphere, is employed in order to discourags
the growth of cm'm;)etitms.8 Two methods of isolation are outlix1f:d.4 These procedures
are not adequata for the isolation of Campylghacter from water sources, partly tecause of
the filter tuchniques described for isclation from feces, the media employed, and the low
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concentration of Campylohacter in mest water scurces. Mathewson et _@.19 have
described a tcchoigus for increased recovery of Compylobactsr from water sources with
Zeta Plus, Zetapor f'iters (€8-85% recovery efficiency). Eopp et 51_1.25 have shovm that
use of a 0.45-pym M .dpore filter or Zatapor filter with an enrichmiznt broth gives the best
recovery of C. jejuni from surface watars. Work is now being condusted to develop a more
efficient selective medium for the isolation of Camrylobacter from the envirgnment.

‘i DISINFECTANTS

Only cne study on the effects of dizsinfectants on Campylokacter was found in this
search, 20 Muny of the disinfectants studied ara topical dizinfectants that ars employed in
cleaning surfaces, such as those that may be used in day-care centers. Of the
disinfectants listed, tho data for removal by hypochlorite are those of importance to water
treatmznt. The effcct of hypochlorite on low concentrations of Campvlohacter probably
best reflects the disinfaction of naturally cccurring numbers (Table A2-3).

INDICATOR-PATHOGEN RELATIONSHIP

For most Campylchactzr outbrzaks, no qualitative data exist on the bacteriological
conditions of tha suspscted sourcea. Mcntzingls reported 0-50 coliforms/L from a
waterborne outbreak in Sweden, More data are required before any relationship can be
drawn betwecn the number of coliforms and Campylobacter in water.

R T

AR
B Eii

CONCENTRATION IN THE ENVIRONMENT

No information was found in the current literature concerning the numbers of
Csmpylobacter occurring navurally in the environment. This lack probably results from a
lack of quantitative Lsolation techniques,

Table A,-4 represents negative growth after 15 min of contact time of the stated
t+}

. concentraticn of disinfectant, with an iritial Campylobacter dose of 10 -107 organisms.
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Table Ap-4. Disinfcctant effzct on Campylobacter,
Disinfectant Caoncentration?

Phenol 0.078%
Iodophor 10 ppm
Quaternary NH3 100 ppm
Ethyl elcochol 70.0%
Formalin 2.5%
Glutaraldahyda 0.0158%
Hyrochlorite 5.0 ppm

a Negative growth after 15 min contact (initial doss 10° to 107 organisins)
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SECTION 3. Vibrio cholzras
ETIOLOGY AND CLINICAL DISEASE

Vibrio cholerae is a short, slizhtly curved, Gram-negative rod responsible for the

disease known as cholera. There are several strains of V. cholerae that are pathogenic to
man. Vibrio cholerae O-group 1 is made up of Classical and El Tor biotypes and either

Inaba, Ogawa, or tha rare Hikojima, sert:»typ.c=,s.1 All of these organisms produce an
enterstoxin. Another group includes the non-O1 V. cholerae vibrios (ronagglutinable or
NAGs), most of which appear to be nontoxigenic but can display a spectrum of

1,2 Recently, O'Brien et _2_1_1.3

enteropathiss, including the production of cholera toxin.
have described envirormental and human isolates of V. choleraes that produce a

Shigella dysenteriae 1 (Shiga)-like cytotoxin. The Classical and El Tor biotypes are

assgciated with cholera epidemic or pandemic outbreaks. The non-O1 vibrics are
associated more with smaller outbreaks and sporadic cases.4

Morris et a_l.5 recently isolated a strain of V. chclerae O1 from the Gulf of Mexico,
which did not produce cholera toxin, but still caused severe gastroenteritis. It was thought
that an atypical extracellular toxin may have been the cause.

Cholera is an acute intestinal disease with sudden onset, profuse water in stools,
occasional vomiting, rapid dehydration, acidosis, and circulatory collapse. Death may
occur within a few hours; the fatality rate in severe, untreated cases is >50%; however,
with proper treatment the rate is <1%.% Mild cases with cnly diarrhea are common,
particularly in children. Asymptomatic infection is much more frequent than clinical
illness, especially with organisms of the El Tor biotype.4 Blocd-type O individuals are at
high risk for development of heavy purging,s

Cholera is primarily a watzarbomne disease. The relatively large volume of water
7 Also,
since the residence time of water in the stomach is short, V. choleras can pass quickly
into the gut. In normochlorhydric patients, gastric juice can kill 109 V. cholerae
organjsms/mL.7 Cholera can also be foodbome in association with shellfish and marine
pmduc?_s.4

Cholera symptoms in severe cases may last for very short periods: El Tor, 5 d with
nontreatment and 3.2 d with treatment; Classical, 0.7 d with treatment. Prompt fluid
therapy is the recommended treatment for cholera in order to counterbalance the massive

drunk probably reduces the effectiveness of stomach HCI as a barrier to infection.

loss of electrolytes and to corract for dehydration, acicdosis, and hypokalamia." Sugar and
salt solutions have besn designed to deal with cholera diarrhea (i.e., WHO diarrhea
treatment solution or Dacca sr.\lutierz).4
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OCCURRENCE

The distributicn and number of V. cholerae are associated with water salinity, and
they appear to be autochthorous to estuarine and marine smvironmems.8"11

Pandemic cholera repeatedly spread from India to most of the world during the 19th
century. During the first half of the 20th century, the disease was largely confined to
Asia, except for a severe epidemic in Egypt in 1947. More recently, cholzra has been
reported throughout the Mediterrean area {North Africa, Portugal, and ltaly).4’12 Also,
several outbreals have been reported from the South Pacific in the Gilbert Islands®? and
on Naum.m

In the United States, the first report of cholera in over 60 y occurred in Texas in
1973.% Since that time, there have been outbreaks and sporadic occurrences in the U.S,,
Canada, and Australia, b1115-19 qpere have been numerous isolated caszs of
V.cholerazc O1 and nen-O1  from the three coastal areas of the U.S,;
Chesapeake Bay,ls’16 Guif states,15’17'18 and Califarnia.11

Table A3—1 presents some data on the occurrence of V. cholerae. Secondary-attack
rates have been reported in ranges of 42 to 407/1000 individuals exposed, and carrier rates
of 7 to 130/10C0 with cliolerae. In a 1982 review of worldwide cholera distribution,
summarized by the United States Centers for Disease Control, there were 33 countries
that reported incidences of cholera: 14 in Africa; 17 in Asia; and two in Oceania. Also,
there were eight imported cases in Eurcpe and the U.S.19

Until 1973, V. cholerae Classical was the predominant bictype in India and
Barz;_;lzuie:\;h.20’21 However, following an "unexplainable 15-month lapse in cholera cases”
in 1973, the El Tor biotype appeared in many outbreaks.m Most recently, surveys have
shown that tha Classical biotype is rapidly replacing the El Tor biotype in epidemics in
Ba.ngladesh.m No explanation has been found for this cycle of biotype change.

RESERVOIR

In the past, man has been considered to be the single reservoir of Classical and
El Tor cholera, but evidence is accumulating that other environmental reservoirs may
exist, 111:15-18 Sanyal et 5_1.29 have shown that 0.6% of household animals studied in
India were carrizrs of V. choleras serotypa 1 and that 3.6% wera positive for non-O1
vibrios. Cholera vibrics have also been isolated from estuarine, marine, and brackish

waters that did not appear to be polluted.n’ls”ls
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Table Aa—l. Ceccurrence of Vibrio choleras,

Location Biotype Water sourca  AR8 SARD CRC Ref.
Bangladash Classical Brackish 1.3 21
Bangladash El Tor Brackizh 2.9 21
Bangladesh Classical Fresh 160-220  42-164 7 22
Bangladash El Tor Fresh 80-208 407 5nt,3td 22
Pakistan - Frozh 5-20 100-260 23
Pakistan -_— Frash 1-4 - -— 23
Portugal El Tor Spring 2.6 12
Philippines -— Well 134 24
Bangladesh El Tor Surface 111 25
India - Well - — 100 26
Gilbert Islands  El Tor Drinking 20-210 — - 13
Nigeria non-01 well 5 - — &7
United States -— -— - - 130 28

3 Attack rate {per 1000).
b Secondary aitack rate {per 1000
€ Carrier rate {per 10C0).

nt = no treatment; t = treatment.

MODE OF TRANS! {ISSICN

The mode of transmission is primarily through the ingsstion of water contaminated
with feces or vomitus of cholera patients, or, to a lesser extent, feces of carriers, or by
food contaminated with filthy water, faces, soiled hands, or fligs. Person-to-perzon
spraad by direct contact is thought to bs of minor imp::u"(ance.4 Also, seafood (especially
shellfish) has been fornd to be a major carrier of _‘{ cholﬁrae.4’30 Deb et _;:1_1.25 studied
intrafamilial tranwnicsion of V. cholerae, and found that 10% of family contacts were
asymptematic carrizrs, and of these, 6% had viable V. cholerae on their fingers. More
recently, Hughzs et 5;.31 described the importance of surface water and V. choleras
transmissicn. It was found that there was increased risk to those families that utilized
water containing V. choleras for cooking, bathing, or washing. However, increased risk
was not found for families drin’ing surface water containing V. cholerae.3! These data
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are in contrast to the commen noticn of cholara trongmission, which is believed to be by
ingestion of contaminated water. However, this probably reflects the role of cross-
contamination frcm skia, clothes, and utensils to foods aad the host.

SUSCEPTIBILITY AND RESISTANCE

In endemic argas, clinical cholera usually is confined to the lowest sociceconomic
groups. In epidemics, attack ratcs rarely exceed 2%. Increased resistance occurs
foliowing infecticn, duc to rise in agglutinating, vibriccidal, and antitoxic antibcdies
against homologous ty;:es.4 Persons in endemic arcas acquire antibodies by early
adulthood.? Vaccines ars available, but protection lasts six months at moest and does not
prevent asymptomatic infectz'on.q'

ENVIRONMENTAL PERSISTENCE

Vibrio choleraz appear to be autcchthonous to estuarine and marine
environments, 11115-18 There have also been numerous isolations from surface, well, and
tap water (see Table A3-2). There have been many studies concerning the survival of
V. cholerae, and somme of thess data are presented in Table A3-2. Some generalities are:
(1) El Tor vibrics survive longer in fresh water than Classical vibrios; (2) in sewage, both
biotypes, as well as the different serotypes, show .0 difference in survival; (3) vibrios

survive in low numbers in estuaries at lower temperatures (overwintering); (4) best
survival and gruwth appears to be in marine environments during the summer months.

DOSE RESPONSE

Table A5-3 summarizes the dose-response data for V. cholerae in volnteer studies.
Previous studies have reported an infection-to-case ratio of 2:1 to 4:1 for Classical
cholera, and almest 160:1 for El Tor cholera.zz However, the data in Table A3-3 show
that, in volunteer feeding studies, the rates for Classical and El Tor are very similar.
Also, Khan and Shahidullahgz recently surveyed cholera in Dacca, and found that the
severity and attack rates of cholera dues to El Tor biotype were equal to those of the
Classical biotype.
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Table A3-2. Environmental persistence of Vibrio choleraa.

Volume 5

Salinity Temp Survival
Lacation Source (ppt) (°C) (d) Ref,
U.S. Brackish 25 20-25 Summer months 8
u.s. Brackish 5 10 4 8
us. Brackish 25 10 25-42°2 8
U.s. Brackish < 3-31.7 Year-round 11
U.S. Marine 32 In crabs 30
U.s. Unlnown Several yoars 18
U.S. Marine-brackith <32 Warm 3 mob 17
u.s. Marine-brackish  6-12 Year-round 16
us. Marine-brackish 9-12 Die-off: 10%/2 d 30
England Estuaries 0.5-3.0 Prolonged 32
England Surface water 3 mob KK}
Pakistan Surface water Warm 3 mob 23
India Well water 21 12-51 33
India Well water 37 1-4 33
Bangladesh  Surfasae water 7-13 34
Bangladesh  Marine 10 35
Worldwide Sewage 10 10
Werldwida Sweaty clothes 7 10
Worldwide Sewage (USSR) 400 10
(Classical) Well water 3 10
(Classical) Surface water 0.75 10
(Classical) Maring 4 10
(Classical) Tap watar 0.91 10
(Clessical) Sewaga 0.5 10
(El Tor) Wall watar § 10
(El Tor Surface watar 2.2 10
(El Tos) Maring 2.3 10
(El Tor) Tap water 2.0 . 10
(El Tor) Sewnge 2.75 10
Worldwide Harbor 81 38
118




Voluma §

Table Az-2. (Centinusd)

Salinity Temp Survival
Locaticn Source pt) (°C) (d) Ref.

Worldwide Marine 64 38
Worldwida Burface . <32 k1
Werldwida Marine 10-47 36

a During wintar months,
During suznmer months,

LATENCY

v nraa indicate that, degondent vpon dosa, tho
incubation time for V. chaloran diarriiea ranges from a few hours to 6 d. Usuzlly the
incubation time is 2 to 3 d. 425,37 Ses Tablo A3-4.

The data collected on latency of V. ¢

DISINFECTANTS

There have not been many recent studies on the effact of dizinfectants on
V. cholarna, The data in Table A3-5 aro lirmited end do not adequately describie the

effects of disinfectants on V. eholaran, Referring to Table Ay-2, it eppars that

V. chelarsa doos pot 3urvive well in frech watery therefore, unlass t“ are has hoon recent
contaminaticn, V. chelavae may not ba e imajor concem. The bacteria surviva longer in
brackish wators, tut these sources aro less Likely to be utilized for drinking, Howsver,
brackith watar may preseat a threat if {loceding cocurg and it mixes with frechwater
gournes. Also, if V. chioloran- *’xs‘i"”'m individuals aro present in a community, tha thros
of chalera contemination of public water sourcoes remains,
MONITORING METHOUS

n environmental camplas, Vilein cholrrno is found mostly in seawater snd estunring
environmoents end/ar alkaling environments (G 7-9) and in pelluted waters of endamic
cholera araes.®” Tho eoncontration techiiques for Y. choleran sre sumilar to thoss

nolln in See, 912A01. of Reof 20,

described for Co!

5
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Table A3-3. Dose response for Vibrin choleras,
Biotype or serotype
of Vibrio cholerae Attack rate? Dose Ref.
o1 8001000 108 2
O1 Classical Inaba 260 10%-10* 28
01 Classical Inaba 0.0 104 28
01 Classical inaba 0.0 106 28
01 Classical Inaba 830 (10/12) 10° 5
01 Clazsical Inaba 0.0 107 28
01 Classical Inaba 500 (2/4) 108 28
O1 Classical Inaba 500 (1/2) ' 10° 28
01 Classical Inaba 0.0 _ 1010 28
O1 Classical Inaba 500 {1/2) - 1011 28
O1 Classical Ozawa 6§70 (4/0) 105 5
O1 Classical Ogawa 950 (22/23) 108 5
El Tor [naba 600 (6/10) 10° 5
El Tor Inaba 1000 (10/10) 10° 5
El Tor Ogawa 809 (3/5) 105 5
El Tor 111 (31/274) >10* 25
Classical 890 (24/27) 108 37
El Tor : 800 (32/37) 196 37

! Attack rate {per 1000); () = number of individuals with chelera per total tested.

Table Aj-4. Latency of Vibirin cholarnn,

Dose Latency (h) Ref.
108-10" <24 28
153-104 48 28
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Table A3-5. Effccts of dizinfectants ca ¥ oiio ehalaros,
Doss Contect time .
Disinfectant (epm) th) Percent kill Ref.
Hypochlorite g? - 100.0 10
Chloramine-T  16-160° 1-7 0.0 28
KMnrOy4 -— - -C 24

% Free chlorine.

b Litcrature is not clear on wheother this is frze chlorine or a concentration of
chloramina-T,

€ Addition of KMnO 4 10 contominate 4 walls brought an end to an outbrask.

Enrichment for V. choleran is describad in Sen. 912G.2, of Ref, 39. For example, in
ordar to inhibit the growth of compatitive, antagonistic organizms. an alkaling (pH 9.0)
paptone weter medium is suggested.” 39 To achieve selective growith for primary isolation,
thicsulfate-citrate-bilg~-salt-sucruse (TCIS) egar is the medium of choice. V. ch
appear as yellow colonies on this madivm. Since there are other interfering organising
that produce yellow colonics, bioche :ucal tests are necessary to pesitively identify
V. cholerna, Theso tests are cutlined in Sac. 812G.4. of Ref. 38,

Serological identification is peossible with the slide agglutination technique using
appropriate V. choloras antisera, which can be produced in the laberatory or acguired
commercial.ly.m In order to distinguish between Classical, El Tor, and NAG vibrio
blotypes, techniques are called for that are usually carried cut in specialized
laboratories.3?

INDICATOR-PATHGGEN RELATICNIHIP

The litersturg chows thst standard indicator coliforms ars prohably not good
indicaters for V. cholerag (sca Tabla 43-1;).1"'13'27 In tha case of cememinatm‘i
freshwater sources, V. c}:r:!efma will survive less than coliforms; thersfore, in- this
instence, standerd Indicators may be usaful, 147 However, in the estuaring &rtd maring
cnvzmnnmnh. the factors thst incrense V. cholcras survival ere antagonistic to

i i e ity

coliforma. 3 Coliform presence in this caso probably reflects recent contamination,
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Table A;3-6. Indicator-pathogan relationship for Vibrio cholaras.

Vibrio
choleragd TCh Environment Location  Ref.
(+) 2400 Chesapeake Bay U.s. 16
{+) 100-2C00 Chesapeake Bay U.S. 16
(+) 0.5 Chesapeake Bay u.s. 16
103"%100mL 10587100 mL Sewage influsnt Israel 10
0-2/1C0 mL 10%7/160 mL Sewage effluent Israel 10
+) (-) Chesapeaks Bay U.s. 15
and Gulf states
+) ‘ 102-4/100 mL Well water Nigeria 27

8 Number or presence (+) of V. chclerae.
b Total coliforms or their ahsence (-},

CONCENTRATION IN THE ENVIRONMENT

Only recently, concem for V. cholorae in the environment has stimulated studies of

10,11,15,40

environmental concentration. Vibrio cholerae has now appeared worldwida in

the environment, but determining the actual nurnarical concentrations of this organism has
bacn a problemn due to the limitation of isolation and enumeration technigues. Table A3—7
reflects the lack of quantitative information in tha literaturs.
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Table A3-7. Envircnmental esncantraticn of Vibrin choleras,
“ Vibrio choleragd Environment Location Ref.
? (+) samples Marine Gulf states 40
(+) samples Marine California cozst 11
- 24% (+) samples Marins Portugal 41
45% (+) samples Fresh ) Portugal 41
. 75% (+) samples River Bangladesh 31
63% (+) samples Canals Bangladesh 31
21% (+) samples Ditches Bangladesh an
33% (+) samples Tubewell Bangladesh 31
iﬁj 10-10%/100 mL Sewage Jerusalem 10
160-2600/100 mL Sewage Bangladesh 10
i (+) samples Estuary Chesapeake Bay 15
: 109 cfu/me Rice-water stools — 38
5-100 cfu/me River Banglades;h 25
15% (+) samples Well India 26
9% (+) samples Tubewell India 25
9% (+) samples Tep water India 26
3% (+) samples Pond India 26

8 Expressed as number or as percent of samples found with V. choleras; (+) indicates
presence.

b cfuw/mL = colony-forming units per mL.
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SECTION 4. Pathogenic Ezcherichia coli
ETIOLOGY AND CLINICAL DISEASE

Escherichia coli is a facultative anaerobic, nonspore-forming, Gram-negative rod
and a member of the Enterobacteriaceze. Escherichia coli is a cormmmon gut organism in
man and mammals; however, some strains have been found to be pathogenic to man. The
severity and type of pathogenicity is strain-related, and at present three basic Escherichia
enteropathies are recognized: (1) enteropathogenic E. coli (EPEC), (2) enterotoxigenic
E. coli {(ETEC), and (3) enteroinvasive E. coli (EIE )1’2 There are now six different
mechanisms of pathogenicity recognized in E. coli diarrhea: Presence of S’niga—toxin,3
enteroadherence (EPEC).4 invasive E. 9_0_13.5 cholera-toxin like (L’I‘).6 Sta~-cyclic GMP
toxin,7 and Stb (new anion secretion) toxin.2

Invasive strains cause disease primarily localized in the colon, mm;feated by fever
and mucoid and cccasionally blcody diarrhea (somewhat like Shigella spp. ) ETEC strains
behave more like V. cholerag in preducing profuse watery diarrhea without blcod or
mucus, abdominal cramping, vomiting, acidosis, prostration, and dehydration. Fevar may
or may not be present. 2 Both EIEC and ETEC are usually asscciated with sporadic disease
and occasionally are the cause of common source cutbreaks. 2 EPEC strains belong to the

“classical” EPEC serotypes that have been asscciated with outbreaks of acute diarsheal
disease in nurseries for the newbomn. 2 Symptoms for ETEC may last for 1 to 3 d, whereas
EPEC and EIEC symptomology may last for up to 20 d. 9,10

Specific diagnosis requires isolation of suspect E. coli from infected stcols and
demonstration of pathogenic activity by animal or cell-culture bioassay, or by
immunological methods for certain of the associated enterotoxins. As stated above, thare
are some common E. coli serctypes asscciated with enteropathogenic strains; however, it
should be pointed out that not all E coli of these serotypes are pathogenic (i.e., this is not
an absolute test for pathogsamcny). The most importent treatment for E. coli diarrhea is
with electrolyte fluid therapy (oral or IV). Antibiotics should be administered only when
specifically indicated because antibiotic resistance is found in up to 43% of environmental

isolates.n

OCCURRENCE

Diarrhea caused by E. gcli is found worldwide and the organism is most frequently
food- or waterborna, In areas with poor sanitation, endemic diarrhea is frequently due to

E. coli.? Pathogenic E. coli is the most common cause of “travelers' diarrhea”
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(TD) in worldwida travelem.lz'n Carrier rates have been measured from 13 to
820/10C0 population in various areas worldwide (see Table A4~1). Thare have been
conflicting reports on the incidence of secondary infection rate. Levine et §.21 showed
that none of the uninfected volunteers housed with E. coli-infected volunteers developed
diarrhea. Howsever, Cabelli et _a_1.19 monitored swimmers with diarthea and found a
secondary attack rate of 20/1000 within the study families .

RESERVOIR
The reservoir for E. coli is infected persons, often in asymptornatic cases.?
MODE OF TRANSMISSION

Fecal contamination occurs via fcod, water, or fomites. Persons with diarrhea
excrete large numbers of orgenisms and constitute the greatest hazard. Contaminated
hands of uninfected personnel may transmit organisms to other persons. Poor handwashing
after patient contact, inadequate personal toilet hygiene of carriers, and poor
environmental sanitation contribute to the spread ¢f the disease.z

SUSCEPTIBILITY AND RESISTANCE

Infants are the most susceptible to EPEC strains.” Immunity to enterotc:in and
surface antigens of the bacteria has been demonstrated, but its cduration is not known.
Local secretory immunity is probably the most important defense mezchanism.2

ENVIRONMENTAL PERSISTENCE

Escherichia coli survival in the environment has bezen studied extensively becawse it
is a major componant of the coliform-group indicators. Temperature, pH, and organic
load are all factors influencing E. ccli survival in fresh water. Studizss conducted in
Canada?’ showed that E. coli survival is prolonged in river water from urban centers due
to higher organic loads than those from nunoff or in water of pristine quality. Higher
temperatures not only contiributz to prolongad survival in surface waters, but also to
increased bacterial growth rates.27’28 Under these conditions, in fresh and estuarine
waters, 10% of the initial E. coli populations remainzad after § d.28 On the other hand,

Hendricks®? has shown that in sterile stream water with very low nutrient concentrations

130




o s e e e

Veivme §

Tablo Ag~1. Occurrenez of pathogonic Bughnrinhia coli
Location Source ARA crb  sare Mid Ref,
Worldwide® 0! 360-720 150 12
Mexico® mof 700 820 13
Third World" ! 380 18
ush ! 250 17
Theiland! f 260 260 16
U.S. Recreation watar 42 20 19
U.Ss. Racreation water 30 19
U.S. Wsll water 360-825 20
U.s. Pemon—to_-person 0 21
U.S. pp/ 250 3.0 11
Bangladssh DP{ 560 22
Mexico pp! 300 248 23
Kenya TDf 630 14
Sweden of 120 15
Thailand pp! 70 115 24
Thailand pp) B 18 24
England ppl 18 13 25
Brazil ) DPj 170 25
26

Panama . Communities 220

8 Attack rate {per 1600).

b Carrier rate (per 100D).

c Secondary attack rate (per 10C0).
Mixed infecticn rate (per 1000).

€ U.8. tourists worldwide.

d Travelers' diacrhea.

8 U.S. tourists in Mexico.

f‘ U.S. tourists in Third World Ceountries.

1 U.S. tourists in Thailand.

j Diarrhea patients.
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(<5 pg/mL glucose), E. coli could survive, provided that the temperatures were 5-10°C. In
tap water, survival of E. coli is pl—l-—dependent.w Sjogren and Gitson® have demonstrated
that under dilute cenditicns at pH 7.2, E. coli survival was <24 h, but at pH 5.5, survival
was >48 h.

In seawater, E. coli experiences, for the most part, a rapid decline and elimination.
Hanes and Fraga1a31 clearly showed that as salinity increased in sity, the die-off of E. coli
became more rapid. These data are presented in Table A4—2.

Early studies>2 on E. coli survival in seawater described the normal microbial
population of marine bacteria as antagenistic in situ. A 90% diz-off for 1.5 d was seen

3 to0 10° for 6 d when E. coli was grown in the presence

with an overall die-off rate of 10
of the indigenous bactericlogical populaticn. Death rates were greater with elevated
temperatures, but survival increased with increased organic loading. Moreover, Enzinger
and Cooper33 have shown that the impact of protozcan bacterial predators cen be

significant in estuarine water.
DOSE RESPONSE

Table A ,-3 represents the dose-response data for E. coli fed to human volunteers.
The effect of buffering the stomach acid barrier on effective dose should be noted.
Utilizing the same strain of E. coli with the same dose, the attack rate was six times as
high in those with less stomach acid. Not only is the carrier rate less, but the duration of
symptomology was half that of the unbuffered stomachs {up to 20 d for unbuffered, 7-10d
for buffered).g Tha organism is listed by strain type; for further details on the strain type,
location of isolaticn, etc., refer to Ref. 9.

LATENCY
The available data for latency of pathogenic E. coli are prosented in Table A,-4
The ranges for latency have besn reported to be from a few hours to almost 2d. Also

included in Table A4—4 is tha reported duration of diarrhea in patisnts infected with
pathegenic E. coli,

DISINFECTANTS
There have becn several in-depth studies on the effects of disinfectants on E. coli.
The data available on the disinfection efficiency of chloramine and hypochlorite are

extensive, and inclusion of all of the results is outside the scopa of this report. Howaver,
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Table &4-2. Effect of salinity en Zuchorichia eolll
Reduction Timo

Water type (%) (5
Seawater 89.69 3
67% Seawater 89.95 5
33% Seawater 839.C0 8
BODA2 dilution water 80.00 8

2 BOD = bischamical cxygen demand,

review of the duta indicates that free chlorine levels of 5-10 ppm will achicve >592.655%
removal of E. mh.ss =38 The effect of disinfectants en E. coli is dependent upon
temperature end pH. Gencrally, pH values of 6.5 to 7.0 and tempzratures of 20 to 25°C
are ¢onsidered to b optimal conditions for disinfection by frea chl orm J36-33

The study on tha effects of chlorine dioxide by Borg et al 9 reflects the ef

antecedent growth conditions of E. coli on disinfection. Most studies on disinfection

»

fect of

utilize steck culivres grown under lakoratory conditions; therafore, those data may uot
reflect the response of the bacteria fourd in the environment, Berg et al. also found that
oryenisms that wers maintainzd under conditions more closely approximating natural
ayuatic envircnments werg more resistant than those grown under commenly ermplayed
batch-culture conditicns. In this study it was found that 13% of the residual chloring wes

consurned by the disinfection of bacteria,
MONITORING METHODS

The isolation techniques for E. coll ero the same o thosa for the enumeration of

coliforms (Sec. 002A of Ref. 40). Briefly, thesze metheds employ the membrane filtor
techniqua with M-£C broth as the growth medium, Calontes of fecsl coliforns (primarily

B coll,

F. gnli) will appear tlun with this medium, In order to confinn the presonce of

bicchemical tasts, such as tha ImVIC test, must be porformed on each isolate. There aro

na binchemical tests, por so, aveilzbla to determira pathogenicity. Howaver, those ara

. . iy 204
commarcially aviilable serological tests (x.fz., lide agslutination) 40 4hat can be nsad
rmn?’v B onli serotypes commeonly asmociated with pathogenis strains.
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Table A4-3. Doce response for pathogenic Escharichia coli.

Strain type Dose , AR2 Ccrb Ref.
B2C (ETEC) 108 400(2/5)° 1000 9
B2C (ETEC) 1010 600(3/5) 1000 9
B7A (ETEC) 108 200(1/5) 860 9
B7A (ETEC) 1010 860(4/5) 1000 9
4608 (EIZC) 10* 0(0/5) 800 9
4608 (EILC) 108 0(0/5) 0 9
4508 (CIZC) 108 625(5/3) 1000 9
1624 (EJEC) 10% 0{0/5) 0 9
1624 (EIZC) . 108 111(1/8) 555 9
1624 (EIEC) 108 665(2/3)3 333 9
1624 (E{EC) 108 600(3/5) 1000 9
H10407 (ETEC) 2.7 x 108 560(9/16) 34
055 (ETEC) 1.4 x 10° 750(6/8) 10
055 (ETEC) 1.7 x 10° 625(5/8) 10
055 (ETEC) 5.0 x 107 750(6/8) 10
055 (ETEC) 1.6 x 1010 873(7/8) 10
0111 (ETEC) 7.0 x 10° 636(7/11) 35
0111 (ETEC) 6.3 x 108 6€6(8/12) 35
0111 (ETEC) 8.5 x 10° 1000(11/11) 35
0111 (ETEC) 9.0 x 109 1060(12/12) 35

8 Attack rate {per 1004}

b Carrier rate (per 1000).

€ Individuals with diarrhea/total number of perzons tested.
9 Stomach buffered with NoHCO, .

INDICATOR-PATHCCGEN RELATIOMSHIP

Only recently has it boen pozsibla to identify many of the pathagonic strains of
E. ¢oti. Unfortimately, there haz not been much work on determining the ratio of

pathn:

in L. oeoli to nonpathogenic E. coll or coliforms. Table A,-S containg some
informution atout the indicator-pathogen relationship to E. coli. Some gsuthors have
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Table A4-4. Latency and Curation of pathogenic Frohorichia coli

e g S0 vt S

-

Latency Duration .
Strain type Dase (9) (d) Ref.
B2C (ETEC) 168 - 2-3 9
B2C (ETEC) 1010 0.33-1.83 - 9
B7A (ETEC) 108 - 2-3 9
B7A (ETEC) 1010 0.33-1.83 - 9
4608 (EIEC) 10* 0.33-1.08 <20 8
1624 (EIZC) 10* 0.33-1.C0 <20 9
1624 (EIZC) 10° 0.33-1.C0 - 9
H10407 (ETEC) 2.7 x 108 0.75 - 34
055 (ETEC) 1.4 x 108 0.40-2.50 1 10
H055 (ETEC) 1.7 x 10° 0.16-0.62 1 10
Ho55 (ETEC) 5.0 x 10° 0.2 -0.62 1 10
H055 (ETEC) 1.6 x 1010 0.20-0.65 1 10
0111 (ETEC) 7.0 x 10° 0.50-1.50 - 35
0111 (ETEC) 5.3 x 108 <1.00 - 35
0111 (ETEC) 8.5 x 107 0.50 - 35
0111 (ETEC) 8.0 x 169 0.42 - 35

reported that <1% of the total coliforms ara pathogenic E. ggg,za and that possibly as high
cail 43 has suggusted that fecal

coliform indicators may be mers valid in tropical climates, compared with total coliforms,
dus to the abundance of nonfecal coliforms found in such environments,

CONCENTRATION IN THZ ENVIRONMENT

Most enumeration studics count total coiiforms or fecal coliforms and usuadly do not
isclate specifically for E. coli, although tho FC tost is directed toward the izclatinn of
E. coli. The actual percentoge of pathegenic E. ¢oli in an environmental population is not
known, but as stated praviously (seg indicator-pathogen section), one athor has estimated
that <1% of tha TC is pathagenic to man. >3 Becouse tha pathegenic traits ara plasmid-

aszociated, and possoge oad maintenance of plasmids are affected by enviremnental
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Table A4-5. Indicator-pathogen relationship for Ezcharichia coli

E. coli? TCP FCe  Fsd Environment  Location Ref.
10-900/100 L 1C0-8000/100 mL River uU.S. 44
92% +) ‘ Well West Africa 43
89% (+) Well West Africa 43
1-7% ) (+) Reservoir Israel 41

a E. coli concentraticn expresscd by either number or parcent of samples positive.
b Total coliforms (TC) prezant (+).

€ Fecal coliforms (FC) prosent (+).

d Fecal 8treptacacsi (FS) concentration.

conditions, it is very difficult to estimate this portion of the bact.rial pogpulation at any
given time. The concentration of E. coli in the environment, as revealed by this literature
search, is presented in Table A 4-5

Clarke gt §_1.45 ranked coliform crgznisms based on predominance in fresh, mixed,
and well water in Canada and found the following:

Fresh water - E. ¢oli > Enterobactar cloacas > A, hydrophila > K. pnevmoniag

Mixed water sources - C. freundii > E. coli
Well water - E. clorcae > E. coli
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Table A4-6. Concentraticn of Excherichia eoli in the environment.
E. colid Source Location Ref,
10%-10° Storm sewers Canada 27
1-103 No. Saskatchewan River Canada 27
2x 109/capita/d Human feces 34
33-43% Raw water Canada 45
10-20% Drinking water Canada 45
104/mL Estuary U.S. 46
10/mL Marine U.s. 46
>100/100 mL Marins South Africa 47
55% Well West Africa 43
70-380/100 mL Rain nmoff U.S. 48

a E. coli conceniration exprzssed by cither numbsr or percent of samples positiva.

———
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SFCTION 5. Sxlmenzla
ETIOLOGY AMD CLINICAL DISEASE

The genus Soalmonslla censists of Gram-negative, facultatively anaerobic,
rod-chaped, motile bacteria that are usually pathogzenic to man and other animals. Thers
are approximately 2CC0 kniown serotypes {serovars) of Salmonslla, some of which are host-
adapted, or found in specific reservoirs or gcographic locations.! Infection resulting from
ingestion of Salmenolla usvally manifests itself os enteric fever, gastrocenteritis, and/or

L2 Tha two major disease syndromes associated with Salmonslla are

septicemia.
salmonellosis (gastroenteritis) and typhoid fever (enteric fever). The major vehicle of
salmonellosis is food; however, there are many decumentsd waterborne outbreaks with this
symptomology. Salmeonslla tyrhi, the etiologic agent of typhoid fever, is primarily
waterborne. Because the focus of this report is on waterbome pathogens, the following
discussion will center on S. typhi ard those Salmonela spp. (i.e., S. typhimurium,
S. paratyphi B) that have been implicated in waterborne outbreaks.

Typhoid fever is characterized by sustained fever, headache, malaise, anorexia, a
relative bradycardia, enlargement of the spleen, rcse spots on the trunk, nonproductive
cough, constipaticn morz commonly than diarrhea, and involvement of the lymrphoid
tissue.2 Ulceration in the ileum can result, producing intestinal hemorrhagea or perforation
in untreated cases.® The fatality rate can reach 10% if symptoms go untreated; however,
treatment with antibiotics will lower the fatality rats to 1%. The drug of choicz is
chloramphenicol; however, due to widespread use of antibiotics, drug-resistant S. typhi
may occur, and other antibiotics may be needsd (i.e., ampicillin, cotrimoxazole, etc.).2
Milder forms of this dicease may occur in populations native to endemic areas. The

carrier state for S. tvrchi may ias¢ for up to 1 y, with some individuals becoming permanent o
2.3 e gall bladder is the focus of infection in long-term carriers, and :

carriers. ;
2 ;

chelecystectomy may eradicats the carrier state.

Clinical symptomns of salmonellcsis include acuta abdominal pain, diarrhea, nausea,
sometimes vomiting, fever, and dehydration. Anorexia and looseness of bowels n.ay
persist for several days.z Septicemia may davelop with or without fecal infection, which
may on occasicn lead to the localization in any body tissue, producing abscesses and

causing arthritis, chclecystitis, endocarditis, meningitis, pericarditis, pneumonia,
pyoderma, or pyelonephritis.z Death is not cemmen except in the very young, the very
old, or the debilitated.? Fecal excretion of Salmonslla vsually persists for ssveral days or

weeks following acute gnstroenteritis. Salmona!la paratynhi B may persist for 1-20 y.3
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Antibiotic treatment is symptomatic and can lead to prolonged excretion of Salmonella
and/or the development of antibiotic-resistant strain 4 Treatment of salmonellesis is
supportive therapy, i.e., rehydration and elsctrolyte replacement.2

OCCURRENCE

Waterborne outbreaks of Salmenslla occur worldwide, and are associated primarily
with fresh water, Although the literature is replete with reports on the occurrence of
Salmonella tythi and salmenellosis, few of these reports contain information correlating
occurrence with attack rates. Table As-l is divided into two parts. In the first part,
attack rates for Salmenolla spp. are presented in relatien to geographic lecatisn and water
source or type of eccurrcnce. In the second part of Table As-l, carrier rate, secondary

attack rate, and mixed infoction rate for Salmenella spp. are presented in relation to
geographic lecation.

RESERVOIR

The reservoir for typheid fever is human (currently ill or chrunic carriers). There
are many zoorotic resarvoirs for salmonellosis, including such domestic and wild animals
as poultry, swine, cattle, rodents, dogs, cats, turtles, and tortoises. Man is a reservoir in
the carrier state; human chronic Salmonella carriers are rare.z

MODE OF TRANSMISSION

Typhoid is trancmitted via water or focd contaminated by faces or uring of a patient
or carrier. Shellfish, fruits, vegstables, and milk contominated by sewage or from hands
of carriers ara also modes of transmission. Transmission of salmonellosis is most
commonly fecal-oral (i.e., person~-to-parcon), via food and, less frequently, by water.

SUSCEPTIBILITY AND RESISTANCE

In the case of typheid fever, man is the only hest, and susceptibility in the population
is general; however, susceptibility is increased in individuals with gastric achlorhydria.
Immune resistance to typhoid fever follows recovery from clinical disease, from
inepparent infection, or active immumization., This resistance may not be adequate to
overcomne ths challenge of large doses of S. tymhi, and repeated infections do occur. In
erdemic areas, attack rates ususlly decline with age 2 Human susceptibility to

-
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Table Ag-1. Cocourrcncs of Salimenala spp.
Salmenella spp. Leccation ARB Source/ocourrencs Ref.
S. typhi India 630 TDP - English tourists 5
Mediterranean 130 TD - English tourists 5

Mideast 51 TD - English tourists 5 f

West Africa 65 TD - English tourists 5

Far East 21 TD - English tourists 5

us. 126-627 Well water 6 3

Transatlantic 7-70 Cruize ship 7

Mexico 420 Soda pop 8 f;:f

us. 400 Drinking water 9 i

U.S.-1976 0.02°  Nationwide 10

U.S.-1851-70 360 Nationwide DP 1 g

U.S.-1974 359 Naticnwide DP 12 %

U.S. 83 Drinking water 15

3. typhimurium ~ U.S. 100 Drinking water 14 ¥
S. paratyrhi B England 540 Streamn water 15 l
S. arechgvalata  Trinidad 760 Rainwater runoff 16
S. spp. Nigeria 9-73 Well water 17
England 43® DP 18 :

u.s. 167 Drinking water 19

Thailand 30 TD - U.S. tourists 20 B

Worldwide 100-150 TD 12 s

Englend 192% DP 21 g

U.S. 35 Watertorne outbreak 22 ,},.:‘

U.S.-1978 63 Naticnwide 23 <

Englond 850 Drinking water 24
145




Volume 5
Table Ag-1. (Tontinued)
Salmonella spp. Lecation Crf SARS Mt Ref.
S. typhi England 290 18
S. spp. England 0.0 170 18
S. spp. England 40 gso’ 170 5

8 Attack rate per 1600 population,
b Travelers diarrhea,
€ U.S. naticnwide attack rate per 1CC0 total population.

d U.S. nationwide attack rate per 10C0 total population with dizrrhea: diarrhea patients
(DP).

€ Attack rate per 1000 cases of diarrhen.

d Carrier rate per 1000.

8 Secondary attack rate per 1000.

h Mixed infecticn rate per 1CCO.

i Secondary attack rate found in 85% of outhreaks.

salmonellosis is not limited to any population group and is usually increased by
achlorhydria, antacid therapy, gastroimestinal  surgery, necplastic  disnase,
immunosuppressive therapy, or other debilitating conditions. Severity of tha disease is
related to the serotyre, the number of organisms ingested, and host factors,?‘

ENVIRONL. ENTAL PERBISTENCE

Persistence of Salmonella in the environment is depondont upon species and
envirenmental conditions. Salmons!la follow tha same general survival pattern as most
enterics in frosh watsr, The characteristic pattern was doseribed by Beard 25 ond later by
Andre ot 31.26 as (1) rapid decreasa of organisms in the first 2 to 3 d; {2) a leveling or lag
peried of 1.d; (3) ragrowth for 2 to 3 di end {4) death phase lasting mora than 10 d. The
death phasa may or may not resuit in Snlmenslla-free water, Salmonella may persist for
several (1 to 6) menths end ba associated with sediments long after they have disappoared

from the water column, 17+ 18:27,28

Salmenella have been isolated from envimnments with
wide ranges of pH (LH 5~8).8'17'29 Die-off occurs within two weeks at pH 4.5 and just
two days at pH 3.5.8 Seasonality and temperaturs changes affect Salmenella survival,

. . . . . " ; . 719,29~
with a mors rapid die-off during the summer months than in the winter, ! IR29-31 4
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20°C, 93% die-off occurs in 10 4, compared with ©5% die-off at 10°C after 14 4.2 Frech
water has teen the main scurce of waterbeme cuttreaks, although Salmenslla have beon
isolated from sstuarics with salinities approaching 17 parts per thousand. }73% gonersl,
as salinities increase the presence of Salmenelly dacraases.w'”'“ The organic load of
the water is critical for bacterial survival; micreorganizins can withstand changes in pH,
salinity, and temgperature more readily if thoy are provided with gocd nutritional
supplemen,ts.35 Raview of the literaturs shows that Salmonclla display better survival in
water contaminated with sewage than in ungolluted water; for example, a die-off of
1x10° Salmenela organisms in 10 wk with {ccoal pollution, compared with a die-off of

1 x 108 Salmonella organizms in 2 wk without focal pﬁllution.lg'?‘s’sa

DOSE RESPONSE

The attack rate of Salmonella in either tyzhoid fever or salmonellosis is dependent
on the dose of the organism. Tables A5—2 and As"3 summarize dosu-response data for
Salmonella tvphi and known agents of salmonellosis. A major portion of the data is based
onn human feeding studies, while tha remainder i5 based on estimates from disease

outbreaks.
LATENCY

A summary of latency data based on doze is shown in Tables A5-4 and A5-5. Raview
of the typhoid fever latency data indicates a doze-dependent relationship with a latency of
3 to 22 d. Raview of tha latency data for szlmonellesis indicates a latsncy pericd ranging
from 8 h to 3 d, with less noticeable doss-dependency.

DISINFECTANTS

The available informaticn en ths effects of disinfectants on Salmonella typhi has not
been presented in stendard format. Somea authors report percent kill with fixed
concentratien of disinfectant with respect to time; others report percent kill at various
concentrations within a fixed time frame. The %ay parametors in all the studies have baen

dosa, pH, temperzture, and contact time. A summary of the data is prosented in
Table As—ﬁ. Generally, an incresse in temperature to 20 to 25°C at a pH of 8.5 to 7.0

, . . . 4
increases the effactivencss of chloring disinfectaonts, 3
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Table A5-2. Dosa respense for Salmonella typhi.

Dose Response Number of
(organisms/mL) (per 1000) subjects Ref.
10° 0.1 14 6
10 10.0 1,300 37
10° 45.0 11,800 37
10° 40.0 10,675 37
10 75.0 4,293 37
103 80.0 378 37
10° 100.0 1.8 x 10° 14
10° 275.0 116 6
10° 270.0 10t 6
10° 350.0 110 22
107 500.0 32 6
107 530.0 30 6
107 330.0 6 8
107 500.0 30 6
108 890.0 9 6
10° 950.0 42 8
10° 950.0 8 36
169 1000.0 4 6
Table A5-3. Dose response for Salmonella spp.
Dossa Response Number of
{organisms/mL) - {per 10C0Q) subiects Ref.
17 120 16,000 14,37
2 x 10° 1000 2 37
1010 1000 1 37
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Tabla Ag-4. Latzncy for typhsid fovern

Dozs Latency (&) Rof.,
<10° 15-22 37
10° 7-14 2
10° 9 22,37
108 7-8 37
10° 3-9 36,37

Table Ag-5. Latency for salmenellesis.

Oscpanizm Dose Latency (d) Ref.
S. typhimurivm 10° 0.5 14
S. typhimurivm 10 0.04-4.0 a8
Salmonella spp. 10%-10° 0.25-3.0 . 2

MONITORING METHODS

There are no "standardized" mothods for the recovery of Silmonilla from the
environment. [nsteod, there is a sorics of techniguas that may Lo adopted to fit a
particular sot of cirm:mstmcss.“ 20, soma mothods ars directed toward tha recovery
of Salmenella and rot enumeration.

Since thess organisms ars not vcvally prosent in large nunbers in the environment,
the first step raust be a concentration procadure. Tharo are four methsds recommended in
Sec. 812A of Raf, 44; (1) Mcore swab technigue, (2) diatomaceous earth, (3) largz-voluma
sampler, and (4) membrane-filter technique. The tyre of method chosen is dependent on
the envircnmental conditions.

Since these orgonisms have boon in the environment, they havs existed under
relatively low nutrient coaditions. Thus, thay require time to repair and multiply in order
for their prescice to be detzctad. Moreover, organisms taken dirsctly from the
envircnment and placed on synthetic media cen suffar from "nutrient shock” and die-off.
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Table Ag-6. Effzct of dizinfzctants on Salmonella.@

Dis'anfectant Dose Responsa Time
yee (mz/L) (% kill) )
Na)Cl 6 89.00 ' -
NeQCl 2 £0.00 -
NaQ(Cl 0.85 (+)
NazOCl 1.4-2.0 100.00 0.008
NaQCl 0.4-0.98 (+)
Nz0{Cl1 0.23 98.9 2.8
NzQOCl 0.25 99,88909
Ca0Cl 5.00 €0.00 0.33
CaOCl 5.00 28.00 0.75
CalCl 5.00 89.00 1.00
CaOCl 500 99.00 2.00
Ca0Cl 5.00 29,90 4.00
Ca0Cl 5.C0 99.99 18.0
Chloramine 0.23 09.9 2.5
Chloramine 1.2 100.00 0.33

a Compiled from data prasented in Refs. 7, 25, 30, and 39 to 43.

Therefors, it is necessary to selaect for enrichunent of these organiems and to inhibit other
competing organizms that may interfere with the growth of Salmonella. The uss of
dulcitol seienite broth or tetrathionatc broth has been traditicnally employed for these
enrichment purpasas.“

To recover Salmensella from tha enrichment step and eliminate other species of
bacteria, selective growth media can be employed.“ There ars three standard selective
media used: (1) brilliant gresn agar {2) xylese lysine desoxycholate agar; and (3) bismuth
sulfate agar. These media inhibit differsnt groups of organisms competitive with
Salmonslla; thersfors, it is best to vse at least two medium types to ensure Seimonella
recovery. '

To identify tha isolated Salmonall: organisms, a series of biochomizal tests can be
carrizd out as described in Sec, 912A of Ref. 44, or with ths uss of commercially
availeble, rapid, bicchemical idzntification matheds. A more rapid technigque for

. cer s . . ; 44 )
Salmona!la identification in water uses an immunofluorescence technique. This
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technique requizcs a fluorescecnce microccope end Salmenslla-specific  fluorescent
antibody stains. Thess micreorganisins in the water samples must be concentrated by
saveral methods vsing filtration, followed by incubation in ona of the previcusly menticned
enrichment broths, 34

Quantitative Salimonsla procedures are referrad to in Sec. 912C of Ref., 44, Briefly,
known volumes of tha water sampls are concentrated on membrane filters; every filter
representing a given volums is placed in an enrichment broth and incubated. This
enrichment is then tested for tha presence of Salmenella by using the routine biochamical
arnd irnmunolegical tests described above. The resulis of these procedures can be reported
as the mest probable number (MPN) peor given veolume of water, Two tecliniques are
dezseribed in Ref. 44, cne for moest Szlmonella spp. and the other specifically for 8. tyrhi.

INDICATOR PATHOGEN

There has been much controversy as to the reliability of indicators and their
relationship to the prosence of pathogzns. Thea purpose of enteric indicators is to act as a
signal of possible coatamination. Ideally, an enteric indicator should be present when
there has been fecal contamnination and pathogens are also present. Even if there are no
pathogens, the indicator wams of possible fecal presence and the associated possibility of
the presence of enteric-disease agents. In Table A5—7, the relationship of indicator to
bacterial pathogen (in this case, coliforms to Salmonella) is illustrated. Unfortunately, the
data are generally presanted in ratios, and only rarely are the actual Salmonsella numbers
presented. This is due in part to the lack of accurate quantitative technique for this
organism at the tims these studiss were carried out. Therefore, Salmonella is precented
a5 either a ratio, a number, or percent of samples that were positive for Salmonslla, or
simply, the presence of Salmonella in that particular environment. These general
cenclusions can be drawn from the literature: (1) Coliforms do not always signify the
presence of Salmonella and ars not always preosent when Salmonella areaé‘d‘s’w;

{2) common colifonin indicators do not coincide with Salmonella presencez in tropical

-
zona.33°'42; (3) at highar temperatures, coliforms tend to die off much more rapidly than

&lmanelgal'bq; and {4) coliforms appear to be better indicaters in more temperate zones

{see Table As-—7).

151



Table A5—7.' Indicator-pathogen relationchip for Salmensla spp.

Volume §

Salmenelia TC?2 FCb Fsc Environment Location Ref.
Ratio 1: 14,000 Mud U.S. 27
Ratio 1: 150 River water U.S. 27
Ratio 1: 32,850 2,737 8,702 River water U.S. 45
Ratio 1: 11,580 300 191 River water U.S. 48
¢ 4/100 de 0 0 Treated water France 48
¢ 7/1C0 mL 0 0 Traated wator France 48
# 95/100 mL 0 0 Troated water Fronce 45
# 910/160 mL 0 0 Treated water France 48
# 8/100 mL .0 0 Treated water France 45
¢ 77/100 mL 240 0 Untreated water France 45
# 2/100 mL o] 0 2 Untreatad watar France 48
# 18/100 mL 72 0 6 Untreated water France 46
# 16/2C0 mL 0 0 0 Untreated water France 45
# 2/100 mL 2 0 0 Untreated water France 46
# 18/100 mL 0 0 0 Untreated water France 48
Ratio 1: 9 Sediment® u.s. 17
Ratio 1: 13 Sedimentf u.s. 17
18%8 1-200 Estuaries UsS. 32
30%8 201-2020 Estuaries U.S. 32
56%°% 2001-20,000 Estuaries U.s. 32
62%3 >20,000 tuaries U.S. 32
(+) samples 230 Irrigation water  U.S. 47
(-) samples 34 Estuarics u.s. 47
Ratio 1: 255,000 . Estuaries U.Ss. 47
Ratio 1: 4800 Estuaries U.S. 47
{(+) samples >10,0C0 Estuaries N. Europes 43
(+) samples <10 Estuaries N. Europe 48
# 1/100 mL >1100/100 mL 1100/1C0 mL Estuaries Chesapeake 34
Bay, U.S.
# 0/100 mL >1100/100 mL  15/10C mL Estuaries Chesapeake 34
Bay, U.S.
10% 79/1C0 mL to Well water Nigeria 17

>2400/100 mL
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Salmonslla TCE FCb - Fsc Environment Location - Raf.
(+) samples 30/100 mL River water U.S. 31
# isolations Sewage effluent  England 49
48 72 to 2500 x 10°
9 55 to 2300 x 10°
60 395 to 6800 x 10°
(+) samples 106 Well and river England 15
% (+) samplas Seawater England 50
13% . 0/100mL to
1000/100 mL
29% 10C0/100 mL to
10,000/100 mL
40% > 10,000
¢ isolates Sewage outfall U.s. 51
1 13 x 10° 108 2x108
2 24 x 10° sx10® 3x1c8
3 24 x 106 8 x 106 7 X 106
1 1x10°  11x10®  4x10®
1 11 x 10° 5x10°  3x108
6 9 x 10 1x10% 104
(+) samples <100/1C0 mL So. Africa 42
# 4500 4.5 x 10° Urban storm-H,0 U.S. 52
(+) samples 2.2/100 mL to Cruise ship England 53

>15098/100 mL

Storage tank

8 Total coliforms.

b Fecal coliforms.
€ Fecal streptecoccus,
# = numbher of organisms.
€ Estuarine sediment.
f Ratic of Salmonsalla in sediment to FC in the water column,
8 percentaga of samples positive for Salmone!la vs numbers of FC.
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CONCENTRATION IN THE ENVIRONMENT

Table A5—8 summarizes the data obtained by this search for the concentration of
Salmonella in the environment. From this table it is clear that the number of Salmon-iia
present in the environment is not very predictable. For example, Sinegre £t g}.w
conducted a survey of treated and untreated waters in France. They found that
Salmonella was present in highar concentrations in the treated vieier than in the
untreated water. There was no explanation given for this result. Also, the number of
Salmonella in storm runoff watar is extremely variable, ranzing from <3.0/100 mL to
4500/100 mL.3140 nig may reflact the variable presence of reservoirs of Salmonslla,
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Tekle Ag-8. £2roooas concentration in e awvincimment,

A SR 11 A

No. S lmenalla

per 10 mL Envircnment Ref.
<160 Sawage stobilization pond 55
4.6 Storm water 40
<3.0 Storm water 40
4500 Storm water 31
3-6.2 Mumicipal wastawater (U.S.) 40
43 Missizsippi Rivoer water 40

1 Estuary-U.S. 34
Treatcd water : 46

Traated water 45

85 ' Traated water 46
510 Treated water 45
6 Treated water 46

77 Untreated water 46

2 Untireated water 48

18 ‘ Untreated water . 48
18 Untreated water 48

2 _ Untreated water 46

18 Untreated water 46
150 HZO sediments 56
1100 Effluent A? 21
43 Effluent B2 21
23 Below offlucnt Ab 21

3 Below effluent Bb 21
0.9 MPNC Irrigation water 47

a Sewage effluont in a rivar.
b 0.5 km below tha sewags effluant,
¢ MPN - most probabla numnber,
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SECTION 6. Yersinia
ETIOLOGY AND CLINICAL DISEASE
Yersinia spp. are facultative anacrobic Gram-negative rods that are includad in the

family Enterobacteriaceae.! The pathogens of this fariily include Y. pestis, Y.
pseudotuberculosis, and Y. enterocolitica. Yersinia eiteroeolitica (more than 30

serotypes) and Y. pssudotubsrculesis (6 serotypes) are responsible for yersiniosis as an

acute enteric disease manifested by diarthea.? Yersinicsis is characterized by rot only
diarrhea, but enterocclitis, acute mesenteric lymphadenitis (mimicking appendicitis,
especially in older children), low-grade fever, headache, pharyngitis, anorexia, vomiting,
erythema nodosum (in adults, particuiarly women), arthritis, cutanesous ulceraticn,
abscesses, and septicemia. Yersinia enterocolitica infections commonly result in

gastroenteritis and have been implicated more with waterbome outbreaks than

Y. pseudotuberculosis, which causes severe abdominal pain and has a higher case-fatality
2

rate.

Yersinia enterocolitica and Y. pssudotuberculesis are capable of penetrating the

epithelial linings of the intestinal mucosa prior to entering their target reticuloendothelial
tissue in the lamina propria and lymph follicles.? This tissue invasiveness is directly linked
to the presence of a temperature-dependent plasmid. Th2 organism loses its tissue
invasiveness with growth at 35°C. It has been proposed that at cooler temperatures
(<35°C) Y. enterocolitica sheds or "uncoats” its surface antigens, which permits acherence
and tissue invasiveness. These antigens then give way to a phagocytotic protective
antigen (VWA). Therefore, it appears that pathogenicity is based on the temperature of
antecedent growth conditions, also known as tha “hot-cold” virulence cycle.3
Y. enterncolitica also produces a heat-stable toxin (like E. coli), but it is not elaborated at
temperatures >35°C or under anasrobic conditions.>

One of the secondary effocts of yersiniosis is arthritis. This can be quite severe and
debilitating and may last for up to 2 to J y. Individuals with HLA (human leukocyte
antigen) B27 aru at hizh risk for ersiniosis arthritis.¥*® 1n two studies it was found that
25 to 67% of these individuale ~ith Y. enterocolitica gastmmenteritis developed arthritis of
varying saveri&',r.e'7 In o1e study.e arthritis in gastroenteritis patiants was predominantly
found in men older than 18 y. Circulating [gA and I3G sntibodies to Y. enterocolitica may
iast for 6 to 8 mo and can ba used 233 a diagrostic measure of arthritis due to yersiniosis.
IgM lasts only 2 to 3 mo and can be wsed to disgnose recent infection.7
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OCCURRENCE

Yersiniosis occurs worldwids as gostrosnteritis and mesenteric lymp}zadmzitis.z
Northern zones of the Vestern Hemisphoere (Canada, Finland, Norway) seem to ba quite
sensitive to outbreals of yersiniosis. Moest of thz data come from these countries.
Table A6°1 contains cccurrence and other related data for Yersinia spp. that bave bazn
reported for the U.S., Balyuiwn, Canada, and Thailand. This sensitivity may well reflect

7-10

the isclation techniques have improved in receat yeers, Y. enterccolitica has been
recovered from diarrhea paticnis at equal or greater frequency than hes Splmonslla and
Shigella in Europe and North America.?

RESERVOIR

Y. pseudotuberculosis is widespread among avian and mammalian hosts; Y. entergeolitica
has been recovered from healthy es well as diseased animals. Organisms have been
isolated from beodics of water that met potable standard bacteriological criteria.?

MODE OF TRANSMISEION

Usually fecal-oral tronsmizsion takes place by contact with infected persons or
animals, or by eating and drinking fecally centaminated food or water.® Milk hos aloo

been implicated in two outbragls. 1413

SUSCEPTIBILITY AND RESISTANCE
Susceptibility to this dizease is universal in the human populaticn, but the discase is

more commoen and severs in children and the aged. Y. pscudotuberculpsis exhibits a
predilection for adolsscents, whila Y. entorpeclitica attacks all groups of both sexes, but

meore commonly children and adol:z.scents.z
ENVIRONMENTAL PERSISTENCE

Until rzcently thare has boon lttls publishad on the survival of Yersinia under

environmental conditions, 1217 Yersinia enternoslitica was isolated from an imchlorinater

5
woll sourco 15 to 40 d following on outbreak.”” DePacla g_gg}.w studied tha effects of an
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Table Ag-1. Occurrence of Yersinia spp.

Location AR2 Source or cccurrance CRD SARC . Ref.
U.S. 410 Water 11
U.S. 83 Milk 12
U.S. 810 Milk 13
U.S. —_— Water 111 11 14
Belgium 11 ppd 15
Canada 28 DPd 475 16
Thailand 30 TD® 30 17

8 Attack rate par 10C0 population,

b Carrier rate par 1000 population.

¢ Secondary attack rate per 1600 population,

d Diarrhea patients (Yzarsinia-positive patients/1000 diarrhea patients).
® Incidence among ‘ravelers’ diarrhea patients per 1600.

estuarine environment on Yersinia entarpcolitica and coliform survival. They reported

that Y. enterocolitica survived for 4 to 8 d, while fecal coliform (FC) persisted longer. As
salinity (8-30 parts/1000), temperature (12-30°C), and sunlight increased, survival for
Y. enterccolitica decreased. Elais-Maldonado and Hazen!? showed that, when introduced
into a tropical river watershed, Yersinia enterocolitica dizplayed a rapid decrease within
the first 24 h. From the little data available, it sesms that Yerinia do not survive well in
the environment., A survey by Harvey st §.21 of the Mammoth Lakes area of California

revealed that 34 lakes contained Yersinia. Because many of these lakes wers not
frequently visited by man, they prcbhably were contaminated by animals, Further research
is needed in ordar to dsoscribe eccurately the survival of Y. enterccolitica and

Y. psendotubzrculesis in the environment.
DOSE RESPONSE

The only dose-rssponsa data availabla for yersiniesis ars from a sslf-fa2ed voluntenr
study by Szita et t_a_l..zz presented in Table A6—2. Unfortunately, the vehicle of dose

delivery was not specified, Tha volunteer was not given antibiotics, and the symptoms
persisted for 4 wk. )
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LATENCY

Tha dosa given in the Szita studyzz is quite high, and the volunteer devslopod
symptoms within 1d (Table As-z). This study is extremely limited, The rangs2 of latency
of yersiniosis is thought to ke 3 to 7 d.

DISINFECTANTS

Only one paper was found that dealt with tha cisinfection of Yerninia,23 Chlorins
dioxide was the disinfectant chosen, and it wes found that 0.25 mg/L 0102 was sufficient
to inactivate 100% of the added culture. The major factor affecting Yersinia survival was
vnia was found to ba more resistant when taken from a

antecedsnt growth conditicns. Ya

low-nutrient environmeant rather than an envircnment with more of an organic load.

MONITORING METHODS

Yersinia recovery is not addressed directly in Standard Methed524; however, since it
is a member of the Entercboctcrizcoen family, it can be isolated using the same methods
(S=c. 9124A) as those used for other rmembers of this family (E. coli. SaJmonella, Shigslla,
etc.). Yerzinia can be isclated with the following media: MacConkey agar, DCL agar,
Salmanella~Shigela agar, or £5-D azar, to name a faw.l Diffarentiation of Yersinia spp.
from other members of the Enterchocteriacezs may be accomplished by biochemical or

serological tests, as described in any microbinlogical referencs source such as Bergey's

Manual of Systematic E:zctericlofz;gl or Mnnuel of Clinionl Micmbio!ogy.zs

INDICATOR-PATHOGEN RELATIONEHIP

Generally, the prossnecs of Yomiria hos not besn associated with indicators.

Studies in Merway have shown ths prosenca of Yerznia in water that was accsptable by
inia con be transmitted via feces, the

bactericlegical standards. Howaver, bezause Yer
presence of coliforms con at lecst bo a warning of porsible Yaersinia contamination, As
notzd befors, DePaocla gt 511.18
survive less well than total coliforms (TC) snd fecal coliforms (FC) in a tropical

in tropizal waters, TC and FC may be

and Elais-

environment. Thcrefors, in the ceze of Yar
good indicators.
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Table Ag-2. Decse response and latency for Yersinia enterocolitica.
Dose, Attack rate Latency ' Ref.
(per 1000) ()]
3.5 x 109 1000{1/1) <1 22

Table AG—S reflects the lack of data in this area and the nzed to describe better the
association of indicators and Yersinia.

CONCENTRATION IN THE ENVIRONMENT

As with most diarthea outbreaks, the etiologic agent is usually isolated from feces
from those infected, and then environmental isolation is attempted. However, due to the
long incubation pericd of Yersinia, sources are not identified until well after a population
has been exposed. Based on the survival data, this time period may be long enough to
allow complete die-off of Yersinia organisms unless there is a continuous source of
contamination. This literature search did not recover any information concerning actual
numbers from the environment (Table A 2}. Estimates of environmental concentration
could bs calculated from infections. Bottone has estimated 10 Yersinia organisms/mL

can be excretad from cases with urinary tract mfactxons.26
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Table Ag-3. Indicator-patiicgen rolationchizs for Yerainia spp.
Yersinia Total coliforms Source Ref.
(4-)a 1 ->16/100 mL Well water 11
(+) (+) Well water 20

a Organism present.

Table Ag-4. Cencentration of Yersinia in the environment.
Locaticn Source Coancentration Ref.
Norway Unchlorinated water 20% of samplesa 8
U.S. Lake water : 30% of samnples 21
U.s. Abscesses/urinary infections 108/mL 26

3 15% of these met Norwegian bastariclorical standards.
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APPENTII B: VIRAL CRGANIDIS

SECTION 1. Eatecroviruszs

1

ETICLOGY AND CLINICAL DISZEAS

Enteroviruses from the family Picomaviridae encempass poliovins, coxszckie virus
grovps A end B, and echoviruses., Thes? enteroviruses should not be cenfused vmh these
termed enteric viruses (de:scribing eny vinss dissaminated by the foeal route ). The
enteroviruses cause a wics variety of dizcase Sﬂrptom,,l" as described in Table B -1,

Poligviruses are tha best studizd of any of the enteroviruses; coxsackia A vm:“ 25 are
the least studizd,l ‘Poliovirus can cause the most serious of the entzrovirus symptoms and
polio is the major permanently crippling diszas2 of infectious origin ascribad within this
group of ag«mts.7 Mortality among the paralytic cases of polio infoction rangzs from 2 to
10% and increases markedly with aﬂ".a Although most infections caused by enterovirusa
have no lasting effect, some of the "nsw enteroviruses" (mest recently discovered) can
also cause permanent para!vsis.s Group B coxsackie vinses also have the potential for
causing serious, even fatal, disease. The mean pericd of infectivity for persons infected

with enteroviruses is 50 d.1

OCCURRENCE

The enteroviruses have worldwide distribution, and infecticns by them are comraon.
There are local variations in virus types and virulence of strains.” It should be stressed
that infection does not equal disease; it is epiderniclogically estimatcd that 1 cut of 100
pohovxms infections and 1 out of 1000 coxsackie or echovirus infections result in climical
iilnezs.”

Poliomyelitis is characteristically a dissase of childron and a:,olz:scenm,a As stated
pravigusly, tha severity of disease in a nonimmume host is dircctly related to the age of
the host; the rick of serious dissase is lower at an earlisy -35.1 There doas not appaar to
be any difference in infection or severity of diseass batwsen the soxos or diffemnt racas.
It is generally thought that the other enteroviruses ars similar to poliovimss in thaze
charzcteristics. '

In temperate climates there is an increzse in poliovinus infections in late sumimor
and early autumn., Tropical and subtropical areas show less fluctuation, but tha trend is
the sama. Similar zeasenal variations alzo ocour among the other entsmvinzsas.

Table 81-2 gives attack rates for various enterovirus outbroaks.
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Table By-1. The cntoroviruses.
Virus No. serotypes Dizsasa symptotis
Polio 3 Paralysis, aseptic meningitis, fever, nonparalytin polio
Echovirus 4 Aseptic mcningitis, respiratory disease, rash,
diarrhea, fevor
Coxsackia virus A 5 Herzanging, racpiratory diseese, assptic meningitis,
faver
Coxsackis virus B 8 Myocarditis, cengenital heart anomalies, razh, fever,

aseptic meninzits, respiratory disease, pleurcdynia

New enteroviruzes 7 Aseptic mezningitis, encephalitis, respiratory disease,
acute hemorrhagic conjunctivitis, fever, paralysis

RESERVOIR

The resarvoir of enteroviruses is the infzeted hurnan, Asymptomatic infections
zichably play an important role, and children under the age of two are the most potent
disseminators. Scme eateroviruses have been isolated from pets and other animais
associated with humans, but it is not certain that they were naturally infected. Nonhuman
reservoirs have rnot bzen shown to be s:’gnificant.7

MODE OF TRANSHISSICN

Enteroviruses are frequently transmitted by the fecal-oral mut91 and may also be
passed by the cral-oral route via nasal and gharyngeal secretion.? Strong evidence exists
thot persen-to-person transmissicn is the primary route of contagion.m. There is little
epidemiological evidenca available cencerning the waterborne disease potentizl of the

enterovireses, 119 Epidemiological methods are ot sgnaitive enough to detect low-level

ot 2 . . .
woterbome transmissien.?® A rezorted waterbome polio outbreak in Huskerville, NE,

invalved contaminatsd tap water.? Two outbreaks, one of echovirus 18 and one of

coxsackiz DS, may hava bsen at least partly from waterbome viruses, 11 sters are
. -24 . . . .
knovn to harhor enterommsas.u 2 In rare instances, food has been implicated in polio

ttmsmimien.a
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SUSCEPTIBILITY AND RESISTANCE

Susceptibility to infection with pcliovirus and the other enteroviruses is general.8
Small chiidren are the most susceptible age group to polio infection, because most adults
have acquired resistance through earlier infection or vaccirmtion.7 There is long-standing
type-specific resistance to polio after infection, whether clinical disease is present or
not. Second attacks are rare and result from a different virus ty-pe.8 Vaccine for polio is
widely available; there are no vaccines for any of the other enteroviruses. Infection by

L ps . 7
these also confer type-specific resistance.

ENVIRONMENTAL PERSISTENCE

Enteroviruses are capable of surviving for extended periods under certain
environmental conditions. Tables 81-3, Bl-é, and Bl~5 summarize some data on survival
of enteroviruses under various conditions. The survivability of viruses in the environment
depends on the virus type, the flow rate of the water in question, climatic conditions
(especially temperature), degree and type of pollution, and whether the viruses are free or
associated with solids. Low temperatures and high levels of pollution are most favorable
to virus sur\n'val.21 teroviruses are more labile in summer than in winter in
free-flowing ocean water. They cease to be viable within 7 d at 37°C in seawater, and are

more labile in natural waters than in artificially prepared marine and estuarine wats:rs.2

26.27 Viruses can survive for more than

18

There is some antiviral activity in natural waters.

175 d in soil particles with a moist environment at neutral pH, and at low temperature,

Enteroviruses have been known to survive several weeks in pit Iatrinesm

22

and up to

130 d in sewage.”” The time required to reduce numbers of enteroviruses by 99.9% in the

environment ranges from 2 to 160 d. They can last up to 14 to 16 d in the sea.’

DOSE-RESPONSE RELATIONSHIP

Available dose-response information is given in Table 81—6. In addition to the data
included in this table, Westwood and Sattarzg veported the minimal infective dose for
polio 1 as two plaque-forming units (PFU), for polio 3 as 10 times the tissue-culture
infective doseso (TCIDsO), for Coxsackie A21 as 18 times the TCID
B4 as 1.3 times the mouse median lethal dose (LDSO)'

50" and for Coxsackie
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Table 81—3. Survival of enteroviruses in river water {(Tanana River, AK), 0°C.25

Distance from Mean flow Mean number of
Sampling station source {(im) time (d) enteroviruses/380 L
Sewage-treatment plant - — 235
T700, Tanana River 0 0 6.33
T600, Tanana Rivar 77 1.9 5.87
T400, Tanana River 179 4.2 1.8
T100, Tanana River 317 7.1 1.25

Table B1-4. Survival of entersviruses in ocean water (in days).2

Virus Winter Summer tuarins water, winter
Polio 1 26 65 61
Coxsackie BS 48 80 >>100
Echovirus 6 30 70 >100

Table By-5. Effects of salinity and incubation temperature on virus survival (in weeks).?

Virus__ 4°C 15°C 25°C
iﬁpt NaCl) 10 20 34 10 20 34 10 20 34
Polio 1 (Mahionoy) 40 40 46 48 20 20 8 6
Echo 6 (D' Amori) 40 48 49 22 24 24 8 8
Coxsackie BS (Faulkner) >53 >53 >53  >53 48 40 10 8 8

There is some controversy ahout whethar ene vires particle can establizsh

infection or

not, but the conservative estimate is that ono tissua-culture infectious dose can cause

human infer;tian.zz'zg

17%
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Table B;-6. Infzctive doses of enteroviruses.

Carrier
Virus Dcsa rate % Cemments
Polio 1 200 PFU? 4/4 100  Keprowslkd, 1955, as reported in Ref, 28
Polio 1 20 PFU 4/4 100 Koprowski, 1955 (adults, oral route).?3
Polio 1 2 PFU 2/3 687 Described in Ref. 28
Polio 1 0.2 PFU 0/2 0 Described in Ref. 28
Polio 3 10 TCID50 b 2/3 - 67 Prematurs infzmts.,z8 oral routs
Polio 3 2.5 'I‘CID50 3/9 33 Premature infa.nts,za oral route
Polio 3 1 TCID50 3/10 30 Prematurs infan‘ts.28 oral route

8 pFU - plegque-forming unit.

TCID50 = tissue-culture infective doseso.

LATENCY

The incubation period for the minor illnesses caused by enteroviruses, including
minor polio infecticns, is about 2 to 3 d. When the nervous system is involved (including
paralytic polio), the average latency is 7 to 17 d, with a range of 3 to 35 .78

DISINFECTION

Virus disinfection data are summarized in Tables B,-7 through B,-10. Chlorination
efficiency depencds on pH, temperaturs, presence of organic matter, and the physical state
of the virus.2? Polio, cousackie, and echo viruses are more resistant to free-available
chlorine than enteric bacteria. In general, free-available chlorine is more effective thon
hypoiodous acid; chlorine dioxdde is at least equivalent to free-available chlorine (FAC)
(and less affected by pH), and ozone is mora effective than FAC by weight. For
inactivation of poliovirus, HOC! is 10 times as effective as ocl™.* Thers is increasing

evidence that naturally cccurring viruses are not as susceptible to chlorination as

30 Although current water-treatment practices do not always

30

experimental strairs.
remove all viruses, ! they do provide reasonable assuranca of safa drinking water.

It can be seen from Tables 81-7 and Bl-a that different studics may find widely
differing inactivation times for the same virus undesr tha samao stated conditions, Many of
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Temp Disinfectant Reduction
Vims pH (°C) Time? type (mg/Ll) % Comments/ref.
Polio 10 - 15 Iodine 0.8 85 30
Polio 8 - 2 ClOz 1.0 90 30
Polio 5.2 - Cl2 22 100 0.5% organic matter/31
Polio 52 - 15 (312 19 100 0.5% organic matter/31
Polio 52 - 30 Cl2 19 100 0.5% organic matter/31
Polio 52 - 45 012 17 100 0.5% organic matter/31
Polio 52 - 60 C12 14 100 0.5% organic matter/31
Polio 1 - - 30 Cl2 33-43 89.99 Wastewater/32
Polio 1 - - 30 C12 11-16 99.99  Treatment plant effluent/32
Polio 1 - - 30 Cl2 20 89.99  Storm overflow, 10%/32
Polio 1 - - 30 C12 35 99.99  Storm overflow, 20%/32
Polio 6 28s HQOCI 0.4 99 Unbuffered water/33
Polio & 18 s HCC1 0.8 99 Unbuffered water/23
Polio 10 107 s HCCl G.4 99 Unbuffered water/33
Polio 10 - 42s HOCL - 0.8 99 Unbuffered water/33
Polio - 48 s HCCI 0.4 29 Reclaimed water/33
Polio - 225 HCCI 0.8 29 Reclaimed water/33
Polio i0 - 168 s HOC1 0.4 g9 Reclaimed water/33
Polio 10 - 168 s HOCI 0.8 89 Reclaimed water/33
Polio 50 - 5 CIO2 1,.3-1.6 80 34
Polio 72 - 5 C102 1.3-1.6 99 34
Polio 8.7 - 5 C.IO2 1.3-1.8 99,99 34
Most virus 8.5 <20 30 FAC 0.2-0.3 Will destroy most virusas/35
Polic 6 - 78 Chloramine-T 10 Qﬂb 4
Polio 6 - 34 Chloramineg-T 20 ng 4
Polio 8 - 14 hloraming-T 490 99b 4
Polio 7 - 11 Chlorumning-T 60 99b 4
Polio 7 - 281 Chloramine-T 10 be 4
Polio 7 - 81 Chloramina-T 40 st 4
Folio 7 - 69 Chloramine-T €0 99b 4
Polio 8 5 78 Chloramine-T 10 99b 4
Polio 6 10 34 Chloramine-T 10 ng 4
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Table B;-7. (Continued)

Temp Disinfectant Reduction J,
Virus pH (°C) Time2 type (mg/L) % Comments/ref. 3
Polio 6 10 34 Chloramine-T 10 0g” 4
Polio 6 25 13 Chloramine-T 10 99b 4 .
Polio 6 35 6 Chloramine-T 10 99b 4
Polio 6 5 3.5 HOCI1 0.5 99b 4
Polio 3 10 2.15  HOCI 0.5 9g® 4 "
Polio 2 7.6519-25 10 Cl2 1.0-1.5 100 Lake water/35
Polio 1 6 0 3.5 Cl2 0.39 99.6 Demand-free water/35
Polio 1 6 0 1.5 Clz 0.80 99.6 Demand-free water/35 \
Polio 1 7 0 8 cl, 0.23 99.6 Demand-free water/35 !
Polio 1 7 0 4.5 Cl2 0.53 89.6 Demand-free water/35
Polio 1 85 0 16 Cl2 0.53 99.6 Demand-free water/35
Polio 1 85 0 7.5 Cl2 1.95 99.8 Demand-free water/35 »
Polio 1 85 0 Cl2 5.0 99.6 Demand-free water/35
Polio 1 7 25-28 Cl2 0.21-0.3 99.9 Demand-free water/36 :
Polio 1 9 25-28 CL, 0.21-0.3 99.6 Demand-free water/36
Polio 3 7 25-28 cl, 0.11-0.2 99.6  Demand-free water/35
Polio 3 9 25-28 18 Cl2 0.11-0.2 99.6 Demand-free water/36
Polio 3 8 27 15 Cl2 30 9?.999 Autoclaved/37
Polio 3 7 27 27 Cl2 30 89,999 Wastewater/37
Polio 3 10 27 30 Cl2 30 99,899 Wastewater/37
Polio 1 ¢] 5 2.1 FAC 0.47-0.49 99 38
Polio 2 6 5 1.2 FAC 0.48-0.51 99 38
Polio 1 78 § 1.3 FAC 0.46-0.51 99 38
Polio 1 10 5 21 FAC 0.50-0.52 99 38 {
Polio 2 10 5 64 FAC 0.48-0.50 99 a8
Cox. A2 7 3-8 10 FAC 0.58-0.62 99.8  Demand-free water/35 N
Cox. A 7 3-6 4 FAC 1.9-2.2 99.8 Demand-free water/35 (
Cox.A 7 3-8 25 FAC 3.8-4.2  99.6  Demand-free water/35 iR
Cox. A 9 3-8 24 FAC 1.9-2 99.8  Demand-free water/35
Cox. A 9 3-8 9 FAC 3.7-4.3 99.8 Demand-free water/35
Cox. A 9 3-8 5 FAC 7.4-83  99.6  Demand-free water/35
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Table B;-7. (Continued)

Temp ‘ Disinfectant Reduction
Virus pH (°C) Time2 type {mg/L) % Comiments/ref.
Cox. A2 7 27-29 4 FAC 0.16-182  99.6 Demand-free water/35
Cox. A2 7 27-29 3 FAC 0.44-0.58 99.6 Demand-free water/35
Cox. A2 .9 27-29 10 FAC 0.10-0.18 99.8 Demand-free water/35
Cox. A2 9 27-29 7 FAC 0.27-0.32 99.6 Demand-free water/3%
Cox. A2 9 27-29 3 FAC 0.92-1.0 99.6 Demand-free water/35
Cox. BS 7 25-28 1 FAC 0.21-0.3  99.9 36
Cox. BS 9 25-28 8 FAC 0.21-0.3 99.9 36
Cox. B5 7 1-5 16 FAC 0.21-0.3 99.9 36
Cox. B5 8 1-5 30 FAC 0.21-0.3 99.9 36
Cox. A9 6 S 0.3 FAC 0.46-0.49 99 38
Cox.A9 10 5 1.5 FAC 0.48-0.5 99 3s
Cox. Bs 6 5 3.4 FAC 0.51 99 38
Cox. BS 7.81 5 4.5 FAC 0.49 99 38
Cox. B5 10 5 €6 FAC 0.50 99 38
Echo 1 6 5 0.5 FAC 0.48 93 . 38
Echo 1 78 5 1.2 FAC 0.48 99 38
Echo 1 10 5 96 FAC 0.49 99 38
Echo 5 6 5 1.3 FAC 0.38-0.49 99 38
Echo 5 78 5 1.8 FAC 0.5 99 38
Echo 5 10 5 27 FAC 0.5 99 38

2 Time in minutes unless otherwise noted.
b The lirnit of measurement in this study was 99% removal.

the studies rzported hera were performed in the 1950's and 1960's. Subsequently, much
has besen leamed about the importance of conditicns, such as buffer type, temperature,
water type, etc., that may affect results. Some of these cenditions wers not reported in
the earlier studies, and tha studies have not been repeated to obtain more accurate
information on disinfection of enteroviruses, ‘

Some of the data on Polio 1 virus from Table }31'8 are compared to Coxsackie B3 in
Table 81—9.
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Table 81—8. Hours to §9.7% inactivaticn, Polic 1, 25°C.39

Cl3 (ppm)
pH 05 10 20 30 40 50 60 70 80 90 100

6 6 K] 2 3 2 >1.5 1.5 1 >0.5
7. >7 3 3 3 1.5 1.5 1 1 1 0.5 >0.5
8 12 7 4 4 >2 >2 2 1.5 1 1
9 8 >8 6 4 >2 2 2 1.5 1.5 1

Table B1-9. Hours to 99.7% inactivation by 1 ppm combined residual Cl-, 25°C.

pH Polio 1 Coxsackie BS .
8 3 2
7 3 3
8 >8 4
9 8-8 5
10 6-8 5
MONITORING METHODS

The routine examination of waters for enteric viruses is currently not recomrmended
by Standard Metheds for the Exarnination of Water and Wastewater.45 There may be
circumstances where monitoring for viruses is dssired, such as in disease outbreaks,
wastewater reclamation, and research. Testing requires specially trained water virologists
and proper facilities,

Standard Methords®® describes the virus-concentration techniques as tentative. They
all are still under active research and are subject to modification. Yields are variable.
Methods most commonly used are:

1.  Concentration by adsorption and by elution from micropowous filters, where ths
sample is pressure-filtered through cellulose nitrate or fiberglass-asbestos-epoxy

180
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Table B1-10. Reduction of enterovirus by water- and sswage-treatment procasses.

-+ — —— -~

Treatment % Removal Comment Ref.
Primary Decreasas no. infactious particles, 40
not isolation frequency
Trickling filters 40 Decrease of plzqus counts 40
Secondary with chlorination Cl residual, 0.5 pom 40
Activated sludge 99 40
30-d activated sludge None recovered 40
Flocculation and sedimentation  §9.9 Attenuated polio 41
Flocculation and sedimentation  99.9 Found in sludge, not inactivated 42
Sand filtration 18.8-37.5 41
Activated carbon 21.4-78.5 41
Total removal by sewage plant 89.8995  Found in sludge, not inactivated 41
Stabilization ponds 89;45 Rarnleh, Jerusalem; lerasl 43
High-rate filtraticn 62 Tiberias {sand filtration) 43
Secondary with chlorination 81.5 11 ppm chlorine, 30-min contact 43
: time, Haifa, israel
Secondary with chlorination 91.5 11 ppm, 4-h contact time 43
Secondary with chlorination 99.8 0.4 mg/L as residual free chlorine 41
Chlorination 99.9 40 mg/L zpplied to raw sewage 22

filters to which viruses achere through electrostatic charge. The vinuses are eluted
in a small volume of alkaline elution fluid. The sample is usually acidified, and
polyvalent caticns are added prior to filtration.

Concentration by aluminum hydroxide adsorption-precipitation: viruses are adsorbed
onto preformed A_?L(OI-E}3 nracipitates, and the precipitate is collected and either
(1) it is used directly, or (2) the viruses are eluted by an alkaline buffer or a
protzinaceous solution. This mathed is limited to a relatively small sample volume.
Hydroextraction-dialysis with polyethylene glycol: samples are placed in cellulosa
dialyzis bags, which are placed in contast with hygroscopic polyethylene glycol, and
the water and micresolutes are drawn out. This method also is limited to small

sample volumas.
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Viruzes in a concentrated sample are enumerated in either whole animals (usually
mice) or most comraenly in mammalian (primate) cell culture, often Buffalo Green Monkey
Kidney (BGMK) cells or the PD cell line. Usually two host systems should be used.
Enteroviruses can be identified by standard serological techniques. Neutralization tests
are recommended. 13

INDICATOR~PATHOGEN RELATIONSHIP

The majority of researchers in this field believe that at present there is no reliable
indicator organism for enterovirusss in water's.lg’n"'za’48"51 It is currently accepted
that the presence of indicator organisms raises the distinct possibility of virus
contamination, but their absence does not guarantee the absence of vimses.52

The search for appropriate viral indicators is an active area of study. Gerba et al.
reported in 1978 that the number of viruses detected in water is related to rainfall,
salinity, and total coliforms, but these only explain a variance of about 16%. This is pot
enough to be a reliable indicator.® La Belle et gl_.47 found a correlation between fecal
coliforms and presence of enterovirus in sediment but not in overlying seawater. The

authors developed the following equation for expressing this relationship:"

Y =11.93 + 0.008 X, where Y « number of viruses ir: sediment, and
X = number of fecal coliforms in sediment.

Payment et 5_1.53 found a correlatinn between virus isolations and water turbidity at
between 10 and 30 nephelometric turbidity units (NTU). Berg and Berman49 found that
many indicator bacteria were present in samples of raw or digested sewage sludges whare
no viruses could be dstected. They suggested that the smallest numbers of indicator
bacteria present in samples from which viruses were not recovered may serve as a
guidepost number for judging sludges to be fres of viruses. Fattai et _31.54 suggested that
since fecal streptccocci displayed a die-eff rate similar to enteroviruses in seawater, they
may be a useful indicator there. Guy and Mclver?! proposed bacteriophages as indicators
of enteric virus removal by water-treatment practices. Roy et g_l_.ss mention bovine

56

parvovirus as a possible enteric virus indicator, and Scarpino” suggested the phage of

Serratia marescens as a poliovirus indicator, and the use of other phages to monitor

efficiency of virus removal in water treatment. Knoit et g;.57 felt the use of E. coli B
bacteriophages provided a satisfactory measure of the quality of waters with respect to
viruses.
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Clarke et gl_.ss found a coliform-to-virus ratio of 92,000:1 in sewage and 50,000:1 in
polluted surface waters in 1869, but these ratios do not appear to be widely accepted. 3
CONCENTRATION IN THZ ENVIRONMENT

Viruses have been isolated in a wide variety of waters and in shellfish. Their
presence is frequently reported as percent samples that contain the virus but are also
reported as plaque-forming units (PFU), tissue-culture 50% infective dose (TCIDSO). virus
infective unit (VIU), or infectious particle (IP). A summary of the data found relative to
concentration in the environment is shown in Table Bl-ll.
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SECTION 2. Norwalk Agent
ETIOLOGY AND CLINICAL DISEASE

The Norwalk agent is a round, 27-nm virus, tentatively classified as a
parvovirus-like agent, although there is now evidence that it may be a type of
calicivirus.! It is responsible for an epidemic gastroenteritis that has been referred to as
"winter vomiting disease” or acute nonbacterial gastroenteritis. The illness is
characterized by nausea, voraiting, diarrhea, and abdominal cramgps. Vomiting is the
predominant symptom among children; diarrhea is present more often in adults.2 Norwalk
viral gastroenteritis may last from 2 h to several days, but usually lasts 24 to 48 h. Only
about 15% of cases are ill longer than 48 h. Hospitalization is unusual. Norwalk infection
may occasionally hasten the death of an elderly or debilitated pe:'son,2 but otherwise is
not considered fatal,

Of the 74 outbreaks of acute nonbacterial gastroenteritis investigated by the
Centers for Disease Control in 1976-1980, 42% were attributed to the Norwalk virus.2
The rest resemhled Norwalk outbreaks and were probably caused by the 27-nm
Norwalk-like viruses. These inciude the Hawaii, Marin County, Snow Mountain,
Montgomery Coumty, Ditchling, W or Wollan, and Parranatta viruses. These viruses are
morphologically similar, but can be shown to be antigenically distinct from the Norwalk

virus.) Some may be serotypes of Norwalk virus.3

OCCURRENCE

Norwalk and Norwalk-like viral infections have a worldwide distribution. Outbreaks
tend to be explosive in nature and can occur year-round., They can infect persons of all
ages.3 Both sexes are equally susceptitle. The median duration of an outbreak is 7 d with
a range of 1d to 3 mo. Attack rates of common-source outbreaks in the U.S. for the
period 1976 to 1980 had a median of 60% and a range of 23 to 93%. Person-to-person
secondary attack rates had a median of 39% and a range of 31 to a2%.!
percent of 861 adults tested armund the world had antibody, indinating past infection.
There seems to be no striking difference between developed and less-developed countries,

Seventy-one

except that children acquire antibody earlier in the latter.
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RESERVOIR
Man is the only known reservoir.3 There have been no reports of a carrier state.
The pericd of communicability is during the acute stage and possibly for a short time

thareaf ter.3

MODE OF TRANSMISSION

Spread of Norwalk and Norwalk-like agent is through the fecal-oral route. .

Person-te-person transmnission is probably the most common. Many outbreaks have been
asscciated with contaminated water supylies.l and at least two outbreaks were related to
recreational water.”® Fcodborne outbreaks have ccourred, caused by contaminated, raw
or insufficiently cocled shellfish.’"g The respiratory route has been suspect because of
the high secondary-infection rate of some outbreaks; however, there is no solid evidence
to support this suspic:icn.1

SUSCEPTIBILITY AND RESISTANCE

Based upon serological studies, susceptibility to the disease is widespread. Whether
infection confers resistance or not is still open to dzbate, because it is unclear at this time
whether or not some of the Norwalk-like viruses are actually serotypes of the Norwalk
agent.1'3‘10 The susceptibility data remain open to question.

Clinical immunity to Norwalk virus is ccmplex and fails to fit immunological
concepts normally ascociated with comman human viral illnesses. 1! There appsar to be
two forms of immunity to Morwalk virus; long—termn’lz and sht.n*t--tser'x'n,12‘13 neither of
which is absolute. Of 12 veolunteers challenged and then rechallenged 27 to 42 months
later with Norwalk virus, those who bscame ill the first time (8 of 12) became ill the
second tims as well. Thosa not ill the first timo wers again not ill the second time. A
third challsnge of 4 of the provicusly il volunteers 4 to 8 wk later resulted in 1 of the 4
beccming in, 12

Factors other than serum antibody would seem to be important in Norwalk
gastroenteritis irnmunity. Antitedy may play a role in short-term immunity but not
long-term immmzity.u The presence of serum or lgcal jejunal antibody to Norwalk virus
makes infection more likaly than in a percon with little or no entibedy, This paradox and
the lack of demcnstrated long-term immunity make prospects of a vaccine to prevent
Norwalk infections unm:cly.z
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ENVIRONMENTAL PERSISTENCE

There is very little information on the environmental tenacity of the Norwalk virus.
It is known to remain viabls after 3 h of expesure to a pH of 2.7. The Norwelk virus can
survive 30 min at 60°C and remains viable after 24 h in 20% ether.l'u‘ Viability was
determined in the abova studies by feeding the organisms to volunteers and noting whether
or not disease resulted.

DOSE RESPONSE

The median infective dose for the Norwalk virus has not been determined.ls
Although several volunteer studies have been conducted, dose administered is referred to
as a dilution of infected fecal material, as compared with the application of nonfecally
contaminated controls. Dolin et _a_l_.ls reported that 10 mL of a filtered rectal swab eluate
diluted 1:100 produced Norwalk illness in 2 of 3 volunteers taking the material orally. in a
second pass of this material, 10 mL of a 2% stool suspension from one of the 2 above
volunteers caused illness in 7 of 9 other volunteers,

It is unknown how much virus is present in feces of persons acutely ill. It is reported
that the Norwalk and Norwalk-like viruses are present only at low concentrations in

diarrheic fec:es.1

LATENCY

The incubation period for the Norwalk virus and Norwalk-like viruses is usually 24 to
48 h. Volunteer studies with Norwalk agent show a range of 10 to 51 h.3

DISINFECTION

There is no information available dealing with the disinfecticn of the Norwalk agent
by chlorine or other t:h'sinffzctams.17
with failures in chlorinaticn systems or absence of residual chlorine; many were due to
accidental contamination.s’ls‘ls’17—19 The disinfection of Norwalk and Norwalk-like
agents by chlorination is an area where research is needed.

Waterborne outbreaks to date have besn associated
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MONITORING METHODS

There are no methods for detecting Norwalk virus or Norwalk-like viruses in

environmental waters at this time.l'v

INDICATOR-PATHOGEN RELATIONSHIP
There is no reliable direct correlation between viruses and indicator organisms, It is

currently believed that although the presence of indicater organisms may indicate virus
contamination, the absence of indicators does not guarantee the absence of viruses,

CONCENTRATION IN THE ENVIRONMENT
Because there is no way tu detect the presence of Norwalk or Norwalk-like virus in
water, there is also no information on their presence in the environment. The disease has

been called "winter vomiting disease” and in temperate climates may predominate during
the colder months. However, it can occur at any time during the year.
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SECTION 3. Rotavirus
ETIOLOGY AND CLINICAL DISEASE

Rotaviruses are wheal-shaped, €8-nm virses constituting a new genus {Rotavirus),
which is included with the reoviruses in the family Reovirudae. They are double-stranded
RNA virusés, Rotaviruses have been found to be asscciated with gastroenteritis in a wids
renge of enimal species a3 well a5 humans.} The hvman rotavirus, the main targst of this
literatura ssarch and review, has two :;amtyg:as.z

Rotavirus has been associated with up to 50% of hespitalized cases of diarrheal
illness in infants and young children, 2 Clinical symptoms are vemiting with, or followed
by, sevare diarthea with no bloed or mucus. Fever is often present ard dehydraticn is
common, especially in ynumger children, and may occur in about half of ca:;.fzs.l The
disease usually lasts 4 to 6 d.3 but in rara coases has losted a momh.4 Death may ocour,
usually with dechydration and associated electrolyte imbalance as complicating factors.
In a study of adults with diarrhea in Nonthsburi, Thailond, only individuals with cholera
passed more watery stools in 24 h and were more dehydrated than adults with rotavirus
infections.s Trezatment is nonspecific and consists of supportive therapy including
rehydration. Once a patient has recoverced, thero sppear to ba no secondary effects,

OCCURRENCE

Rotavirus gastroenteritis occurs werldwids both in sporadic and epidemic cutbreaks,
It affocts meles end females equally. The primary targats ara infunts and children,
particularly in the 6- to 24-mo ags group. A Cancdian study found that 62% of infants in
a prospective study had at lesst ona rotaviral infection by 2y of age.e Older children,
necnates, and adults can alsn bo infectod; these infections are usually suhcliniczdz but can
reselt in severe illiess.?’"% m temparata zonss, tha incidencs of rotavirus infectien
peaks in winter; ss many 2s 30% of the hespitalized gastroonteritis ceses aged 8 to 24 mo
can he from this agent, with few or rong in sunmorn In subtropical and tropical arens
thars may bo no, or at best a slight, seasonal peak.l's Rotavirus accounts for 20 to 40%
of all acuto diarrhozs in developing countsies. 10 During the ebidsmic year 1979 in
Washington, LC, 3.7/1600 children under 1 y old and 2.2/1000 children 1 to 2 ¥ old were

hazpitalized for retavires gestm‘anmﬁ!is.u

203




Volume §

Cases in adults are relatively infrequent, but have been reported. Attack rates in
Truk Islanders in a person-to-person transmission outbreak were 12% of persons over 20
and 62% of 1- to 5—year-olds.12 Twenty-five percent of adult U.S. transfer students with
diarthea in a school in Mexico Ciity and 12% of controls shed rotavirus. In greater than
50% of the rotavirus-positive cases, other enteropathogens were also present.7 The Tiriyo
Indians in Brazil, a previously unexposed group, suffered an overall attack rate of 88% in
an epidemic in 1080.13 1t is not necessary for adults to have contast with ill children to

contract the disease.>’1%'1% There are inapparent infections in all age gmups.13

RESERVOIR

The reservoir of human rotavirus is probably acute-phase humans. It has yet to be
shown that animal rotaviruses are pathogenic for manz; furthermore, there is no evidence
for species cmss infaction in nature.S

MODE OF TRANSMISSION

The most common route of transmission is by the fecal-oral route. The
fecai-respiratory route is also suspected to be impm'tant.2 Although common-source
outbreaks from contaminated water and food do occur.la'ls'w
transmission is by far the most frequent.

person-to-person

SUSCEPTIBILITY AND RESISTANCE

By the ags of 2 y, most individuals have acquired antibody {o both serotypes of

rotavims.l’z

Most persons possessing serum antibody are protected from disease when
challenged.z but immunity is not absolute, and little is known about protectivs
imm'unity.w Immumity seems to be associated with intestinal antibedy secreticn more
than serum IgA.18 Infants may hava rotavirus infection more than once, usually due to

different semtypes.m‘n 311 g

Adults ars generally, but not always, asymptomatic,
not known why soms adults are susceptible. Neonates have been shown to have an
infection rate of 30 to 50%.19’20 which is asymptomatic about 90% of the time. This
neonatal infecticn does not confer resistance, but decreases severity of disease during
reinfection.lg It appears that breast feeding decreases the incidence and severity of
rotavirus gastroenteritis in infants.l'zo but this is not universally ar:ct*zpted.6 There is
hope that an effective vaccine can bz produced, and active research in this area is under

way. 18
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ENVIRONMENTAL PERSISTENCE

Rotavirus has been shown to survive more thon 14 d in estuarine and hoavily polluted
fresh water.zl In thes marine environmsznt, its rate of inactivation appcars to be
independent of salinitics below 30 ppt.m Rotavirus is resistant to acid corzdiﬁgmt; and is
inactivated after 30 min at pH 11.22 Not surprisingly, it appears to survive longer at low

temper:.m;r-r:-:s.23'24

DOSE-RESPONSE RELATTONSHIP

The number of rotusirus particles necezsary to initiate infection or to cause disense
is unlnown. 2% Volunteer feeding studies have not besn performed; a possibls reasen for
this is that the unprodictible resistance of adulis to clinical diseasa makss these studiss of
questionable value,

LATENCY

The incubation period for rotavirus is approximately 48 h,2 The reported range is 1

to 4 d.4'12'26’27

DISINFECTION

The simian rotavirus SA-11 has frequently been used as an animal model for hinan
rotavins in disinfection studics because it can be propagated in cell culture, whorzas the
human virus cannot be easily cultured. Results of disinfection and inactivation
studies?®?3 grg given in Tables B,-1 and By-~2.

Rotavirus was inactivated by 0.05 mg/L chlorine dioxdde or iodina at pH 10 and
0.5 mg/L chloring at pH 7.0.30 Rotavirus dizplayed 2.8% raduction with a UV-irradiation

dose of 24 mWes/cm® in vhosphate-buffored saline colution, 3

MOUNITORING METHODS

There is no standard mothed for examining envirenunental samples. To determino its
prosenca in the rasearch laboratory, rotavirus is concentrated by microporous filter
adeorpticn-elution and detzcted by indirect imrmmofluorescence, elactron microscopy, or
enzyma-linked immunosorbent msny.zs Hignan rotavirus cannot be asseyed routingly in

: 2
any convenient host sy:;tems.a
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Table B3-1. Disinfection of SA-118 rotavirus by HOCI29 (25°C, 0.05 M bufferd),

Total
Rotavirus Magnitude of Free chlorine available Combined
concentration recductionin 4-log reduction, chlorine - residual
pH {per mL) 1 min minutes required ung/L) (mg/L)
6 1x 10° 4 logs 1 0.42 0.64
8 3 x 10° 3.6 logs 1.2 0.41 0.80
10 1x 104 1.7 logs 2.5 0.40 0.89

8 SA-11 = simian rotavirus.

b Phosphate buffer: pH 6 and 8; borate buffer: pH 10.

Table B3-2. Inactivation of rotavirus (flucrescent focid).b

Virus titer, foci3/0.5 mL

Treatment Simian rotavirus SA-11¢ Sewage isolate
None 107 18
Autoclave, 20 min v 0
Boil, 20 min 0 Q
pH 11, 30 min 0 0
Chlon'ne,d 10 mg/L, 30 min 0 0
Formalin, 1:2000, 4 d 10 0

2 Unit_ detected by indirect
3.8 x 10° rotavirus particles.29

b Table adapted from Ref, 22.
€ SA-11 . simian rotavirus.
d Chlorinse species undefined.

immunofluorescence technique;
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INDICATOR~PATHOGEN RELATIONSHIP

There is no reliable dirsct correlation betwaen viruses and indicator orgonisrns. It is
currently accopted that although the presence of indicator organistns raizes the distinct
possibility of virus contamination, the shsance of indicators does not guarantes the

absence of vimms.aa

CONCENTRATION IN THE ENVIRONMENT

The measurement of rotavirus concentration in environmental samples has only
recently becn possible. Rotaviresas, like other viruses, are subject to wida fluctuations in
sewage over short time periods.zs There may alzo be seaconal fluctuations reflecting poak
infection in temperate climatss.zz Rotaviras in sewage in Houston, TX, rangad from 0 to
3480 fluorescent foci (FF) per 20L for raw sewage (average 1505 FF) and 150 to
7488 FF/20 L (average 1637 FTF) for secondary-treatmont effluent., Fluorescent foci, the
units detected by the indirect immunofluorascenne techniqus, represent at least 3.8 x 105
rotavirus yarticl@s.?‘s It was apparent that secondary treatment did not decrease rotavirus
levels the way it does entarovimses.zz Another study on sewage by th2 sarae group in
Houston found 1 to 321 FF/L (averagz = 9.8 FF/L) over the course of a 2~y study and a
. peak in March through April of the first year and Movember and Deczmber of both
years.zs Rotavirus was also detected in 6 of 24 (25%) samples of domestic sewage in Kiel,
West Germany, in June and July, 1‘3‘80.34 This paper also stated that 2 L of domestic
sewage could not be expected to reach a concentration of 10 virions (i.e., infectious
particles of a virus) of m*tavirws.34

A study of rotavirus in Galveston Baym rzported 119 to 4880 particles par 160 gal
bay water. Treated drinking water showsd 83% of finished samples from a heavily
polluted source contained rotavirus and/or enterovirus, All samples taken during the rainy
£24561 WEre ma!avims—pmx’tiva.aﬁ

In feces of acutely ill humans, rotavirus is vsually found in amounts of about 1 billion
particles per g. Up to 100 billion particles per g have boon recorded.?
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SECTION 4. Hepatitis A
ETIOLOGY AND CLINICAL DISEASE ‘

The hepatitis A virus (HAV) is a 27-nm virus physically resembling an enterovirus.
Symptoms of hepatitis A typically include fever, navsea, malaise, znorexia, and abdominal
discomfort. Jaundice develops a few days after onset of symptoms. The disease ranges
from mild with a duration of 1 to 2 wk, to severzly disabling and lasting several months,
although the latter occurrence is rars. The recovery neried is usually prolonged. The
mortality rate is 0.1 to 0.5%, and usually only occurs in oldar patients with a severe case.
Generally there ic complete recovery without sequelae or recurrences.l

Hepatitis A can be diagnosed by the detection of virus in the stool or by the presence
of IgM antibodies against hepatitis A virus, which are only present in the serum of persons
acutely or recently ill. There is currently no specific treatment for hepatitis A.
Supportive therapy is given as needed. Isolation of cases is not considered necessary, but
they should be restricted from certain occupations such as fcod handling while in the
infective stage. Patients are infective prior to development of jaundice and for the first
2 wk of illness.

OCCURRENCE

Hepatitis A has a worldwide distribution. It is particularly prevalent in areas .rith
poor sanitation. The areas of greatest risk are the Indian subcontinent, Africa (especially
West Africa), the Mideast, and Asia.z Nearly 100% of Thais by age 15, Ethiopians by age
13, and Taiwanese by agé 20 have antibedy to the virus.3"® The attack rate for viral
hepatitis in the United States in 1380 was reported as 26.5/100,000, of which 48% was
hepatitis A8 Twenty-two percent of tested U.S. Army personnel stationed in Thailand
and 25% of tested personnel stationed in Germany possessed antibodies to HAv.”'8 The
disease typically occurs in persons 15 y old and younger; many of the infections in young
people are asymptomatic or mild without jaundice. In general, hepatitis A increases in
severity with age and decreases in incidence after age 35. Both sexes have comparable

attack x'ates.l’g
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RESERVOIR

The normal rcservoir of hepatitis A is acute-phase humuns, whose feces are
infective from the last half of the incubation paricd to the first week of jaundice, and
whose serum is infective for a short time during the acute phase. There is no known
carrier state. Rarely, chimpanzees, or even less frequently, other noenhuman primates may

be reservoirs of the vims.l’10

MODE OF TRANSMISSION

Mode of transmission is via the fecal-oral route. Person-to-perscn transmission is
most frequent. Common-source ocuthraaks are linked to water or food. in the U.S., the
role of waterborne outbreaks has been estimated to contribute to 0.4 to 8% of all hepatitis
11-13 Mollusks may concentrate virus from areas with minimally polluted
1415 pood may alco be contaminated by infactive

A incidence.
water and be a source of disease.
persons. Hepatitis A has been shown to be transmitted sexually in male homosexuals
through the fecal-oral route. '

The majority of waterbornz cuthreaks in the United States involve small private or
semiprivate supplies, with or without chlorination. OQutbreaks can occur by
plumbing-sewage cross-contzmination or when the raw-water source is so grossly polluted
with sewage that virus levels cannot be eliminated by a given drinking-water treatment. !

Not much is known about the role of fccd or water in developing countries, whereas
other enteric agents are transmitted frequantly by these routes. It is nct unrezsonable to
assume that water transmission and focdbome transmission may be more pronounced in
these areas than in developed countries. The high level of type A hepatitis among
Americans and Eumoneans in developing countries sugzests a non-person-to-person vehicle
a:ss»a:vcia'(ion.16 Geznerally, except in definite disease cutbreaks, any endemic hepatitis A
that is spread via water is less than detectable epidemiologically.u

SUSCEPTIBILITY AND RESISTANCE

Susceptibility to hepatitis type A is general. Infants and small children have a low
apparent attack rate, probably due to the frequency of mild and anizteric infections.
Clinical illness may occur in one out of ten hepatitis infections overall.17 Homologous
immunity after infection is generally Iifelong.l
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ENVIRONMENTAL PERSISTENCE

There is very little information on the persistence of hepatitis A in the
environment. It is reported to resist 56° C for 1/2 h.18 Water collected from a well 9 wk
after the onset of a 6-wk outbreak of hepatitis A was stored at room temperature
unprotected from light for 40 d before 7 L were ingested by each of five volunteers. Four
of these developed hepatitis withott overt jaundice.lg Hepatitis A virus is thought to be

retained by oysters for up to 2 mo fter contamination.zo

DOSE RESPONSE

At the time that human vclhunteer studies were performed on hepatitis, the agent had
not been isolated. For this reason, there are ro available data on the number of organisms
necessary to produce infection. In 1945 Neefe and Stokes*? fed volunteers 3600 mL of a
55-mg/L solution of feces from a hepatitis patient, resulting in hepatitis with jaundice in
two of five volunteers. Subsequently 2900 mL of another 55-mg/L solution resulted in 4 of
5 volunteers contracting hepatitis. This was about 1 g feces per 18.5 L.

Two of three perscns receiving orally 3 mL of acute serum developed the disease, as
did 13 of 21 volunteers that were fed 1.5 to 5 mL of a 10% feces solution.}? In recent
(1683) studies to determine median infective dose in marmesst monkeys, virus was
measured by fecal suspension, but no estimate was made of particle mzmber.21

Hepatitis A is considered to be very much like enteric viruses in general behavior,
Enteric viruses are excreted in concentrations as high as 1010 vires particles/g of feces,
and concentrations as high as 4.8 x 10° infectious vires particles/L have been detected in
raw sewage. One tissue-culture infectious unit of poliovirus and 10 tissus-culture
infective dose units of a wild-type enterovirus have been shown to cause infection in

22,23 Boc

volunteers, ause hepatitis A is considered to ba an enterovirus-like particle, it

may wzll occur in similar concentrations in feces and wastawater,
LATENCY
The incubation period of hepatitis A is related to the dose. The average incubation

is 23 %0 30 d but ranges from 8 to 60 d in the references cited. The most common range is
1 .
15 to 50 d.
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DISINFECTION

Treatment in the laboratory at pH 7.0 and room temperature for 30 min with 2 mg/L
HOCI! (free available) completely inactivated the virus when inoculated in marmoset
monkeys, whereas 1.5 mg/L only increased the incubation pericd of the '«'irm.21

Information on the behavior of hepatitis A virus in water-treatment processes is
limited bacause practical techrolegy for dirgct roscarch on the virus is only now becoming
available. Recent studies have indicated that no hepatitis A virus was detected after
30 min of breakpoint chlorination in heavily centaminated water, or 1 mg of total or
0.4 mg of free-chlorine residual/L after purificaticn of the cbove water by ceagulation,
settling, ard filtration threugh a diatomaceous-silica filter. 24 Specifications generally

,accepted for the disinfection of drinking-water supplies are expected to satisfactorily
inactivate hepatitis A virus. These sgecifications require a free-available chlorine
residual of 1 to 2 mg/L for 1 to 2 h ot a pH of less than 8 and tusbidity of lecs than one

24

. . . . 1 .
unit.“” Some other viruses have been shown to survive this treatment, 1 and the efficacy

of treatment on hepatitis A virus is not universally acceptcd.zs
MONITORING METHOCDS

There is currently no standard method for inonitoring hepatitis A in the
environment. Hapatitis A is currently difficult to propagate, requiring complex tissue-
culture methods and specially trained pam@mﬂsl.zﬁ This is an active area of engeing
research.

INDICATOR-PATHOGEN RELATICNSHIP

Thera is no reliable dizect correlation between viruses and indicator organisms such
as coliform bacteria, fecal streptococci, acid-fast bacteria, or coliphsges. However, soma
of these organisms, particularly coliphages, can Lo useful indicators of the virucidal
proprrties of water-treatinent proc _3.';235.24 Although this information pertaing to viruses
in general, it can be applied to hepatitis s well, It is currently considered that the

presence of indicater orgonisms moy indicate peosaible vires contamination, but the

s . 2
absonee of ivdicators daes not mumrantee the ahaence of viruses,
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CONCENTRATION IN THE ENVIRONMENT ;a
o

There is virtually no information available on the numbers in which hepatitis A virus
occurs in the water environment.2? This is an area where more research is greatly J
need¢? In temperate climates, hepatitis incidence peaks in the late fall and winter. As 1

with many other waterbome diseases, in areas with poor sanitation, the incidence may .
increase following heavy rainfall or the cnset of the rainy season.
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APPENDI{ C: PARASITIC CRCANITAMS

SECTION 1. Entamosba histolvtica

ETIOLOGY AND CLINICAL DiSEASE

Entamoeba histolytica is a potentially invasive protozoan parasite. Althcugh
amebiasis (infection with E. histolytica) is usually asymptomatic, it can lead to both
intestinal and extraintestinal disaase. The clinical response is exceedingly variable and is
most frequently intestinal, ranging from intermittent mild diarrhea with blscd and mucus

in the stools, alternating with constipation to fulminating dysentery with chills, fever, and
1

severe diarrhea.” The chronic disease response leads to marked weight loss, wasting, and
malnutrition.z Pathologic lesions may occur anywhere in the colon but are mainly found in
the cecum, ascending colon, and rectum. Intestinal muccsa can become ulcerated and may
slough off. Granulomatous lesicns called ameboma may develop, which can be mistaken
for carcinoma. Liver abscess is the most common extraintestinal presentation. Invasion
may develop via amoebae carried from the submucosa by the portal veins. Abscesses may

also occur in the diaphragm, lung, and pericardium from penstration by liver abscesses.

Rarely, abscesses may form in any part of the body, such as brain, bladder, uterus, or skjn.s

The infective form of Entamoeba histolytica is the resistant cyst. Persons are

capable of spreading disease as long as they are shedding c¢ysts, which may be for yeax's.1

Secondary bacterial infections in intestine and liver abscess can and often do occur.
The majority of infecticns, possibly up to 85%, are as:,mptomatic.",‘a It is possible that
virtually all streins may be avirulent in the intestine, and some sort of stimulus is negded
for pathogenicity,s but this conversion stimulus is unknown. Subclinical invasion of the
intestinal mucosa may be frequent.e

In Mexico at the present time, abscess is found at the rate of 2% in all adult patients
and in 3 to 4% of autcpsies. Before treatment was available in that country, the death

rate for liver-abscess sufferers was 80%.7

Amebiasis wes the seventh most frequent
cause of death in Guatemalan hospitals in 1974 and sixth most frequent in Mexico in
1970.6 The etiology of this diseace often goes unrecogmized until autopsy or surgery,4

because diagnocsis can be difficult.B
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OCCURRENCE

L7 general, tropical and subtropical

Entamoeha histolytica {5 found worldwide,.
areas have a higher attack rate than temperate countries. This appears to be dus more to
sanitation than to climate.a As a rule, more males are infected than females; this is

4.9 However, one study in Gambia demonstrated higher

particularly the case with abscess.

attack rates in women than in men.m Tha ratio of meon to women with amebiasis in

Medico is 3:1.7

Morbidity and mortality incrasse with age.6 Seventeen percent of mothers were .

infected in Sulauta, Gambia, but no babkies 0 to 18 mo of age ched cysts.n Young children
generally have a lower attack ratea than that reported as the worldwide occurrence
rate.512-1% Tpere may be a racial differencs in attack ratel; this is confounded by living
conditions. Natives of subtropical and tropical areas sesm to tolerate the disease to a
greater extent than nonnatives, but the carrier rate is greater in the natives.® Attack
rates reported arcund the world are shown in Table Cl—l.

RESERVOIR

The reservoir of E. histelvtica is ths infacted human. Probably the mcest important
source is the asymptomatic carrier, although chronically ill persons are also infective.?
About 50% of those infected pass cysts continually and, as stated above, they may be
a.s'ymptoma’:ic.9 It i possible that some animals may form a reservoir, as cysts have been
recovered from apes, monkeys, dogs, pigs, cattle, cats, and rats.g Even with this
possibility, zoonotic transmission is probably not significant.:s'g In a study in India, tha
close association between domestic animals and humens did not appear to be associated

with the prevalence rate of amebic dysentery.ag

MODE OF TRANSMISSION

Endemic spread of amsbiasis is by the fecal-oral route; this can stem from
hand-t--mouth fecal transfer and fesally contaminated raw vegetables, possibly by
contam:nated hands of food handlers and perhags by water.! Flies can spread ameabiasis;
cysts czxn live in fly droppings for 43 h.g Epidemics generally stem from water
contaminated with cysts from feces of infected p/,'rsum.l Areas where a high level of
cleanlinzss is difficult to rnaintain, such as mentul hospitals, may have chronically high
infection rates.% Sexual trangmission by orsl-rectal contact, particularly among mala

4
hornoga-ruals, has been reported.l’ 0
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Table Cl—l. Attack rates of Entamcaba histolytica,

Year of Attack
published rate

report (no./1000)  Location Description Ref,
A: Attack rate of persons with symptoms

1935 800 Chicago, IL WO? firemen (exposed group) 17
1935 150 Chicago, IL WO controls 17
1935 370-570 Chicago, IL WO those with symptoms 17
1982 22-140 Mexico Acute diarthea and dysentery 7
1983 85 Seychelles Cutpatients, parasite symptoms 18
1983 19 Brazil Children with diarrhea, <§ y old 12
1978 24 Marnila Poor children, ill 13
1978 0 Manila Poor children, controls 13
1978 50 Portugal Travelers with diarrhea 19
1983 5 Indonesia Poor children with diarrhea, <3 y old 14
1983 40 Indonesia Poor children controls, <3 y old 14
1983 10 Indonesia Mediwmn income, diarrhea 14
1983 50 Indonesia Medium income, ¢cnntirols 14
1978 0 Houston, TX Children with diarrthea 15
1978 <0 Mexico Children with diarrhea 15
19383 5.9 Bethesda, MD Military personnel, 1945-57 20
1648 70-100  Tokyo WO employess before 21
1948 222 Tokyo wo émployees after 21
1948 629 Tokyo WO occupants of building 21
1955 524 Indiana WO workers 22
1955 37 Indiana WO family contacts 22
1956 507 Indiana WO family steol sample 23
B: Infection, symptomatic plus asymptomatic

1971 24 Bangkok Middle class, stcol survey 24
1864 170 Gambia Stool survey; mothers, infants 11
1964 0 Gamkia Stool survey; infants <18 mo 11
1978 8.3 Mexico Travelers, prospective study 25
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Table Cl-l. {Centinusd)
Year of Attack
published rats
report (no./106C0)  Lccation Description Ref.
1978 89 - Southern U.S. Blacks and whites, total 26
1976 6 Southern U.S. Whites 26
1976 60 Southern U.S. Blacks and whites, total - 26
1668 483 Brazil Xavante Indians, stcol survey 27
1970 2 Aspen, CO Stool survey 28
1980 300-800 Amazen Acculturating tribes 29
1980 140-280 Amazon Newly encountered tribe 29
1963 260 Surinam Reservoir area, villages 30
1953 70 Surinam Reservoir area, city 30
1963 59 Los Angeles, CA  Commune 31
1883 70 Los Angeles, CA  Commune, returmnees from India 31
1982 44 Venezusla Pgor children, 0-12 y; stool survey 32
1982 77 Venezuela Poor children, 0-12 y; serological survey 32
1981 40 Venezuela Steool survey 33
1977 255 Gambia Whole country, city of Banjul 10
1977 155 Gambia City of Banjul 10
1983 340 Bangladech Stool survey, 30-44 y old 34
1952 15-330 U.s. American Indians; range 35
1862 149 U.S. American Indians; mean 35
1974 170 U.S. Mental institution patients, employsces 35
1977 120 Texas Extanded family, stool survey 37
1877 457 Texns Extended family, serological survey 37
1872 100 Eurcpz Attack rate 18
1972 120 The Americas Attack rate 16
1872 170 Africa Attack rate 16
1972 180 Asia Attack rate 16
1972 15 U.S. College students 16
1872 20 U.S. Small town 16
1972 110 uJ.S. Indien children 16
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Table Cl-l. (Continugd)

Year of Attack

published  rate :

report (no./1000)  Location Description Ref.
1972 89 u.s. Agricultural workers 16
1972 140 u.s. Municipal sewage workers 16
1982 0 Mexico U.S. students, visiting 4 wk 38
1972 137 India . Stool survey a9
1082 100 Worldwide Overall attack rate 6
1835 116 U.S. Mean of 18 stool surveys 17
1974 260-800 Worldwide Amownt asymptomatic 9
1083 30 U.s. Countrywide estimate

1933 287 San Francisco, CA Homosexual men 40
1983 7 San Francisco, CA Stcol survey 40

8 WO - waterbome outbreak.

SUSCEPTIBILITY AND RESISTANCE

Susceptibility to arnsbiasis is general, but most persons infected with
Entamoeba histolvtica do not develop outright disease.} There is little indication of

post-infection immumity in humans; reinfegtion is common.l’s's‘g The fact that severity
and death from the disease increase with age is an indication that effective immune
6 Humoral antibodizs are assumed to

appear orly afier invasion, which can be subclinical. It is doubtful whether either the

resistance is not acquired from previous infection.

humoral or cellular immms reactions induced by infsction confer pmtection,e except for
the possible protective role of humoral antibodies in liver-abscess cases.t

Amebiazis is known to be exacerbated by immunosuppression. The disease is
enhenced by hormional alterations; pregnancy increases invasiveness. Malnutrition and
particularly its concornitant weakening of resistance also enhance the development of
amebiasis.s Infants, whose immune systems ars not fully developed, are espeacially
suseeptible to fulminating forms of amebiazis when infected.®
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ENVIRONMENTAL PERSISTENCE

The form of Eatamoeba histolytica found in the environment is the cyst, a highly
resistant structure. Cysts have bezen reported to survive for 153 d in distilled water at 12
to 22"C.18 They can survive nearly 3 mo at 0°C, 1 mo at 10°C, 10d at 20°C, and 3 d at
30°C in fresh water. Kept moist and in the shade at room temperature, they have lasted 9
to 21 d and 14 mo in cell cultures at 4°C.5

The cysts die rapidly in heavily polluted water but can survive 1 to 5 wk in water of
low contamination.? The concentration of cysts decreases at a rate of 30% for each 16°C

increase in temperature in sewage.le Cysts are resistant to drying, freezing, and acidic
conditions,41 but are killed by temperatures above 50°C, complete desiccation, sunlight,
hyperchlorination, or extended exposure times in chlorinated water.3

The more fragile trophozoites can be passed out of the body during diarrhsal phases
of the disease, but they are short—h‘vad.a Thare are conflicting reports of their ability to
withstand the acid of the smmach,8 maldng their ability to transmit infection unclear but
doubtful. Optimum growth occurs at 35 to 37°C, at pH 7.0, and under reduced oxygen
tension. Trophozgites can survive up to 5h at 37°C and 96 h at 5°C under laboratory

conditions.2
E~-RESPONSE RELATIONSHIP

The dose-response relationship for Entamosba histolytica has not been determined.
Feeding studies using humans were performed in 1913 cn Philippine prisoners by Walker
and Sellards:42 however, cysts were not enumerated, and the data obtained are not useful.
Animal studies have also not been effective in determining infective dose.

It appears that the massive and frequent doses acquired in endemic areas are of

epidemiological importance; repeated large doses may be needed to infect pecple under
constant exposure. Infection almo is known to decrease with increased food intaks,
increased intestinal motility, and a decrease in the number of orgm*n'sms.2

LATENCY

Acute intestinal amebiasis has an incubation period from 1 to 14 wkin general.z The
onset can be insidious, and noticeable dizease may take months to years to become

appment.3‘8
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DISINFECTION

Entamoeba histolytica cysts are quite resistant to chlorination. Sand filtration
appears to be superior to chlorination in removal of E. histolytica cysts from raw

9,43
water.™’

Trickling biofilters decrease the numbers of E. histolytica cysts by 88 to 99%
in sewage. 44 A 1-h treatment with S mg/L free-available chlorine (FAC) in raw water is
recommended for total destruction of cy.‘ts A Cl residual of 1 mg/L should be kept to be
assured of the drinking water's safety The pH, temperature, turbidity, and contact time
all affect the disinfection efficiency of chormatmg E. histolytica. Even when these
factors are optimal, thz level of free chlorine required for amebicidal activity is 3 mg/L,
which is six times the recommended level of 0.5 mg/L for municipal drinking water.?® At
30°C, pH 7, and 10-min contact time, 2 mg/L FAC residual was needed for 99%
inactivation of cysts as measured bEJ excystation methods. Under the same conditions,
2.5 mg/L was needed for 99.9% inactivation. Bromine was found to be a superior
cysticide, compared with chlorine or iodine, over a pH range of 4 to 10. lodine was the
best disinfectant in the presence of ammonia. 2’ Brady et 5_1.43 showed in 1943 that the
recommended dose at that time (3.77 mg calcium hypochlorite/L) was insufficient to kill
cysts in raw water. Thirty-nine percent of cysts survived this level after 20 min, aind 83%
survived 15 min. Up to 50% of cysts survived 56.6 mg calcium hypochlorite/L for 15 min
or less, but none survived this chlorine level after 20 min. (It should be noted that addition
of calcium hypochlorite to water may raise the pH of water to above optimum for
disinfection; this may have affected the work of Brady et al.)

The cysts are known to survive 0.04% HgClz. 0.5% formalin, 1.0% phenol, and

2% potassium permanganate.g

MONITORING METHODS

Standard Methods for the Examination of Water and Weustewater46 recommends two

techniques to detect E. histolvtica cysts in water and sewage samples:

1. Sample concentration: Use a membrane filter with a 7- to 10-ym pore size if
turbidity is not tco great. A sample size of 4 L or more is suggested. A direct
microscopic examination of the above filter contents is made in a Sedgewick-Rafter
counting cell under low-power magnification for identification and enumeration of
cysts or trophozoites.
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2.  E. histolytica may be cultured on medified liver infusion medium. A 3- to 6-d
incubation at 37°C should be followed by micrescopic examination for trophezoites.
A most-probabla-number (MPN) approximation con bs made by concentrating and

culturing replicate sample portions.
INDICATOR-PATHOGEN RELATIONSHIP

As in the case of Giorlia lamblia, there is frcquently no apparent correlation
between coliform numbers or other indicators and the presenca of protozoan cysts."
Cysts of E. histolytica were found in 8% of water samples talion from open waste drains in
Ibadan, Nigeria. The total coliforms measured in these droins were as high as
1.8 x 1077100 mL; the concentraticn of fecal coliforms measured as high as 102 1o
1.8 x 10%/100 mL, with an average voncentration for all measuremeats of 2.7 to

4x10%/100 mL. 48

CONCENTRATION IN THE ENVIRCNMENT

Entarnoeba histolytica can be found in low densities in wastewater. Five cysts per
liter were detected in raw sewage in Haifa, Israel, and 1 to 2/L in treated effluent.’® In
the Nile Delta region of Egypt, tap water was found to contain cysts in 63.6% of 7 samples

and 55.1% of 59 samples of water stored in the earthenware storage jugs ("zirs")
41

commonly used thers.
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SECTION 2. Giardia lamblia

ETIOLOGY AND CLINICAL DISEASE

Giardia lamblia is a flagellate protozoan that principally infects the upper small
bowel. Infection by Giardia is frcquently asymptomatic, but can result in a varisty of
intestinal symptoms. Mcst commonly, these symptoms consist of chronic diarrhea,
steatorrhea, bloating, abdominal cramps, frequent gressy malodorous stools, wzight loss,
and f;zttigue.1 Malabsomption syndrome may occur, with impaired absorption of carotene,
vitamin B-12, folate, and fats. Symptoms of this syndrome are flatulence, foul-smelling
bulky stecols, abdominal distension, ancrexia, naussa, and weight loss. Certain
immunodeficiency syndromes may also be asscciated with G. lamblia infection.? There is
generally no tissue invasion beyond tha bowsl lumen, but damage to ducdenal and jejumal

mucosal cells may occcur in severs diss—:ase.l

llness can last from 1 d to 3 mo or more.> The average duration of symptoms is
reportedly 30 to 45 d,z'4 but may be as short as 10 to 15 c!.s’8 Carriers can shed Giardia
for years.7 but usually self-cure occurs within 2 to 3 mo. In one study, only 2 of 56 (3.5%)
infected parsons were ill less than 10 d.8 In another study, Barbout et _a_;.s reported 9 of
59 (15.2%) clinical casss relapsed within 3 mo of treatment.

OCCURRENCE

Giardia lamblia is found worldwide. Infection is more frequent in children than
adults, particularly among the group azsd 6 to 10 y.2 There is no apparent seasonal
fluctuation of attack rate. Sea Table Cz—l for reported attack rates.

Areas of the world known to be aszociated with increased risk of infsction include
Southeast and South Asia, West and Central Africa, Mexico, Korea, and Western Snuth
America.33 Argas of relativsly increased risk in the United States ars usually
momtainous and includa Now England, the Pacific Northwest, and the Rocky Mountains.

RESERVCIR

The major resazveir of Giardia is the infected human. The rate of asymptomatic
infection can be high; in ths Berlin, NH outhroak, 76% of cases were reported to be
asymptomatiﬁ.s In an cutbrzak in Montana, the asymptomatic attack rate was 13%

overail,sl and a steol survey of porsons without symptoms in Finland showed a 12%
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Table C-1. Attack rates of Giardia lnmblia,
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Area Attack rate Comment Ref.
{per 10600)
Surinam 30-220 Stool survey 9
Dominican Republic 7 Stool survey 10
Amazon 200-250 Tribes; acculturated 11
Amazon 40-50 Unacculturated 11
Mexico 30-60 Students; U.5. 12
Mexico 110-180 Latin 12
Iran 140 Stool survey 13
Finland 80 Asymptomatic stool survey 3
Gambia 124 Stool survey 14
Gambia 10 Infants, 1 y oid 14
Gambia 170 Children, 5 y old 14
Gambia 80 Mothers of children 1 y old 14
India 210 Children, 5-9 y old 15
Brazil 67 Indians, stcol survey 16
Brazil 331 Children with diarrhea, < 6 y old 17
Manila 30 Poor children 18
Rome 24 Children, stool survey 19
Bangladesh 420-820 Infants, survey, 1.5y 20
Bangladesh 820 Mothers, survey 20
Israel 300 Children, 3 mo-3 y 21
Worldwide 74 Worldwide, 3 mo-3 y 21
Tokyo 450 Waterborna outbreak, employes 22
Tokyo 762 Waterborne outbreak, residents 22
U.S. 23-240 Stool survey, Indians 23
U.S. 44 Stool survey 24
U.S., south 31 Stool survey 25
u.s. 15.3 Stool survey of children, 11 y old 26
U.s. 108 Outbreak 27
U.S. 53 Controls 27
u.s. 20 Mental institution, patients 28
u.s. 70 Mental institution, employzses 28
U.8. 45 Extended Chicano family 29
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Table Ca-1. (Continued)
Area Attack rate Comment Ref,
(per 1000)
Colorado 50 Steol survey, Aspen, CO 30
Montana 330 QCutbrezk, resideats 3
Montana 130 Cutbreak, asymptomatic 31
New Hampshire 460 Qutbraak, town
New Hampshira 85 Outbreak, controls 5
Utah 03 QOutbreak 32
Weshington, CC 70 . Cutbreak 15
Indiana 40 Cutbreak 15
New York, NY 20 Cutbraak 15
Aspen, CO 50 Cutbraak 15
Atlanta, GA 50 Outbraak 15
Minnesota 150 Qutbreak 15
Hawaii 45 Qutbreak 15
Boston, MA 220 Cutbreak 15
Baltimore, D 160 Cutbreak 15
Philadelphia, PA 80-120 Children 15
Wyoming 220 Native American children 15

Giardia prevalsace ratz.” Beavers may ba a rczaerveir and have been implicated in

1,34,35 e . . s
waterbome outhreals. 3% Dogs, gerbils, guinea pizs, beavers, raccoons, and bighom

sheep have been experimezntally infected with G, ls:mb?gg,w and muskrats in ths Detroit

watershed wers fourd to be mfaatcd.”

MODE OF TRAMSMIEZION

The most common mede of transmiszsion is  from  contaminated water

7 Do
mmphen.l’a““’s Twenty-three waterborms outbreaks of giacdiasis wers reported in the
U.8. in the yoors 1583 te 1078, affecting 7000 percons. Cutbreaks gensrally invelve small

municipal systems, semipublic systoms, or wntroatsd water, with only chlorine for
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treatment, or ro treatment at all.3% Feodbome outbreaks have been reported.m
Hand-to-mouth transfer of cysts from the feces of infectad individuals ceocurs, espacially
in day-care centers® and imtituticnsza and also via anal contact during sex. 141 .
SUSCEPTIBILITY AND RESISTANCE

The mechanisms that protsct humans from infecuon with Giardia are largely
wnknown. 32 There appears to be some sort of partial immurity. In a study in Bangladesh,
first infections lad to clinical symptcims, but most later infzctions had no symptoms.zo
Members of a group of campers in Utah who drank untreated mountain water 2 mo
previous to an outbreak thera had, upon renewed exposure, a lower attack rate than those
who had not been previously expased.e Residents living in Aspen, CO, for more than 2 y
prior to a lccal outbreak had a lower attack rate than newcomer-s.30 Humoral immmunity

possibly plays a roie in host defen.<se.41’43 and nonimmune factors may influence duration,

incidence, and severity of giarz:liasis.44 Acquired resistance in mice to Giardia muris has
been demonstrated.**'*% Human milk may play a role in protection of exposed irxfants,44

but the protection is not clear-cut.?0

ENVIRONMENTAL PERSISTENCE

Giardia lamblia generally forms a resistant cyst before leaving the intestine; this is
the form found in the envimnment.7 Trophozoites, which may be passed in seversly
diartheic feces, do not survive.*! Giardia cysts survive for the longest time in cold water;
5°C appears to be c:qatirmzl.46 Cysts have survived for up to 10 mo in fresh water at 8°C,
and 1 mo in frech water at 21°C.%6 Cysts survived 32 d in fresh water at rcom
47 They cannot tolsrate freezing. Cysts are at optimum viability at

temperature.
pPH 6 to 8.46

DOSE-RESFONMSE RELATIONSHIP

Rendtorff and Holt47 and Rendtorff?3 performed a series of feeding studies on
prison volunteers in 1954. The results are shown in Table C2—2. It should be noted that
Table Cz~2 reports infection only, as detected by examination of stools for Giardia cysts.
Of the infections produced, nonz resulted in cutright disease, as is noted below.

In one of the studies, 64.7% of men fed 160 ¢ysts stored 0 to 16 d became infected®’
with no decresse in infectivity over cyst-storags time. A reexaminaticn of Rendtorff's
data, prescnted by the sama author in 197‘&.4 attributed the low infectivity of the 25-cyst
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Table Cy-2. Dcse respense for Giardia lamblia 47,48

Percent -
No. cysts given No. exposed No, infected infected
1 b 0 0
10 2 100
25 20 6 30
100 2 2 100
10,000 3 3 100
160,000 3 3 100
300,000 3 3 100
1,000,000 2 2 100
Total 40 21 ) 52.5
Controls 21 0 0

dose to the suspected low infectivity of the cysis used. Cysts were recovered from feces
of humans shedding Giardia, and the cysts uced for the 25-cyst doses were from a
different person than thosz used in the other tssts. Thars were no clinical signs in any of
these volunteers during the 5-1/2-mo study, except for mild transient changes ‘in
frequency and consistency of stools in a few subjects. The dose size did not seem to be

related to persistance of infection.

LATENCY

The incubation period is variable. In expcrimental infections, incubation ranged

from 6 to 22 4.} Latency has been renorted to range from 3 to 56 d with an averagz of 7
tood 3,39,4R

DISINFECTION

Studies heve baen performed on the resistance of Giardia to several disinfectants.
Table C2—3 zhows dizinfsction by chlorine.46 and Tabls C2-4 displays the effects of
various emcrpancy wator-disinfectant-treatment meﬁ‘md’:.s The cysts of this parasite
are, relative to bacteria end viruses, very resistont to the effzcts of chlorine in water,
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Takls C3-3. Dizinfscticn of Cinnia cysts with ehlorine. 40
Temperaturs Chlorine Time Percent
(°C) pH (mg/L) (min) killed

25
15
15
15
15

b
[<4]

(4 S LR < LI < B < L B < B T < L B LT+ B 7 R TS D < B < BN S B I 4 T < 1

6,7,8
6

7,3
7,8
7,8
7,8
8,7

6,7
6,7
7.8

6,7,8

7.8

6,7

1.5
2.5
3.0
2.5
2.5
2.5
1.0
1.0
1.0
1.0
1.0

[} ]

@ @ OO & = & b b NN NN

10
10
10
30
60
10
30
60
60
30
60
10
30
60
10
30
60
10
30
60
10

- 30

10
10
30
10

100
100
100
96.5
100
g8

89.8
08
80
95
90
95
99.9
80
93
99.8
96
99.6
99.9
92
a8
90
99.9
99.9
99.7
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Table Cy-4. Disinfection of Cizardia cysts by erisrgency mathods (% killed in water).50

Teinperature
3°C 20°C

Water typa
Treatment Clear Cloudy Clear Cloudy
Control ' 0.0 0.0 0.0 0.0
Halazone > 69.8 >85.8 >98.8 > 648.8
Chlorina bleach? >80.8 91.7 >99.8 >99.8
Globaline®P > 99.8 97.5 >008  >99.8
EDWGT®D > 99.8 > 50.8 >998  >90.8
Jlodine (2% tincture) > g9.8 74.6 >93.8 > 089.8
Iodine (saturated) 77.3 88.5 >99.8 >89.8

& Contents not specified in this paper.
b
Used as recommended by manufacturar.

€ Emergency drinking-water germicide tablet (EPA Reg. No. 34161-1-37257), contents
not specified,

Giardia cysts wera found to bs very resistant to UV irradiation. Less than 0% of
cysts were ldlled by up to 63,0C0 pW«a/cmz, whereas Eccherichia coli was inactivated
99.9% by a UV level of 3000 pW»s/cmz. Comrarcial UV treatment units usually cannot
attain ths high doses necessary to kill Giardia cy:;ts.sl

In the process of treatment of mumicipal drinking water from sources poscibly
contaminated with Giardia cysts, it is nacessarcy to filter the water after chlorination to
be certain the cysts have been eliminated.3®

MONITORING METHCLS

Standard Matheds for the Examination of Water and Wastewatersz states that the
foillowing mathod should ba censidersd tentative since rezovery-efficiency data are
limited. A yarn-wound Grlon filter apparatus is vzzd, snd a suggested volume of 1500 L,
collected over 18 to 24 h, is filtered. The filter itself is homogenized, the hermogenate is
filtaraed through a cosrce scrasn, and excess liquid is equicszed out, Tha filtrate is sattled,

decanted, and eithar filtersd or flocculated with HCL end formmalin and then refiltersd,
Filter washings are stained with Lugol's iodine end sconnad under 10X magnification for
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Giardia cysts. Suspect cysts are cenfirmed under 43X examdination. It is suggested that
three preparations per sample be examined, and if all three contain no cysts, to consider
the sample negative. The Environmental Protecticn Agency has dstermined the Orlon
filter method to be 58% efficient.”>

Because microscopic methods require that only a very small number of organisms be
examined, efficiency of Giardia detection methods can be very low. Some samples
containing less than 4,000 cysts/L (a high concentration) may not be detected at alll.54

Although trophozoites can be cultured, there is no in vitro method for cultivating
Giardia cysts at present. Animal testing is one method of testing infectivity of Giardia
cysts, but requires a specialized laboratory.sz Excystment can be achieved under
laboratory conditions and is often used as an indicator of viability in chlorination
studies. 1859

INDICATOR-PATHOGEN RELATIONSHIP
Frequently there is no apparent correlation between coliform numbers and .the

35 This is particularly so in unfiltered but disinfected drinking water.
Negative coliform tests do not provide assurance that water is free of Giardia cysts;

presence of cysts.

however, positive coliform results often correlate with outbreaks.sg Stream water
associated with an outbreak in Utah contained 42 colonies of fecal coliforms/100 mL; a
fecal coli count of <50/100 mL is considered normal (uncont-.ninated) for a stream of that
size and elevation in Utah.® (The coli counts may be from animal origin and do not
necessarily indicate human fecal contamination.)) In a giardiasis outbreak involving
treated water, samples of raw water upstream from treatment-system intakes showed <5
total and fecal coliforms/100 mL.3!

CONCENTRATION IN THE ENVIRONMENT

Concentration in the environment can vary widely. This may reflect intermittent
contamination of water, poor sampling recovery efficiency, insufficient sample volume, or
sampling frequency.53 In an outbreak in Rome, NY, only one cyst was isolated from
39 This is about one acre-fcot of

water, a tremendously large amownt to sample. At the Androscoggin Water Treatment

1 million liters of raw water from the plant intake.

Plant associated with the Berlin, NH, outbreak, three cysts were recovered per 100 mL

53

treated water, Fifteen percent of water samples collected in open drains in the city of

Ibadan, Nigeria, contained Giardia cysts.49
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Jalubowski and Ericlzendd cstimated that row sewage may contain from 96,000 to

2,400,000 cystw/L whon 1 to 25% of tho population is infected. Infocted persons may shed
1,000,000 cysta/g of foces, 52 In seme outbroals, no cysts havae bocn recovered at all,
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Volumsg 5
APPENDIX D
UNCERTAINTIES AND RESEARCH RECOMMENDATIONS

During the process of gathering and reviewing information on the disease organisms

discussed in Appendices A through C, it became apparent that thers are sevaral areas
where more information is needed. Table Dl—l presents a summary of the key areas

where insufficient or no information is available, thereby identifying data gaps and

potential arezs for future research.

Review of Table D, -1 for bacterial organisms indicates the following:

For the more recently identified etiologic agents of waterbome diarrhea reviewed in
this text, such as Yerzinia spp. and Campylobacter spp., all categories of research
need to be explerad or improved. There are no adequate enumeration techniques or
monitoring methods, the fate or role of these organisms in the environment is not
well-defined, and the effectiveness of disinfectants in the control of these agents
should be studied further. The clinical symptomology and pathogenicity of these
organistns have recently been described; however, there have been few studies
congerning the parameters of dose response, latency, or immunity.

Information on the other bacterial pathogans reviewed (i.e., Salmonella spp.,
S. typhi, Shigella spp., V. cholerae, E. coli) is generally available in some detail, but
needs better definition in order to improve the confidence of the risk estimates.
Clinically, much information has been collected on these organisms because they
have been of major concern for many years. Arecas such as occurrence and carrier
rates, concentration in raw water, and secondary attack rates still need to be better
defined. Vaccine development is progressing for cholera, typhoid, and pathogenic
E. coli, but the vaccines currently offer limited protection and variable efficacy.
One of the most important but neglected areas is the relationship between indicators
and pathogens. Frequently, the correlation between coliforrn numbers in water and
numbers of pathogens or the disease rata in those exposed to contaminated water is
confused and incomplete. [t was also noted that a serious question exists as to the
advisability of using coliforms as indicators of water quality in tropical areas of the
world, Research is needed to (a) demonstrate which microorganismi{s) would best
serve as indicators of water quality under a variety of conditions; (b) determine the
relationship betwean indicator organisms and the numbars of infectious agents that
may be present; and (c) develop methods for the rapid detection and enumeration
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in water of apprepriate indicators or specific pathogens. These data ars essential to
improving tha confidznce of diszase-risk estimates based on water-quality criteria.
There is limited information concerning the survival of bacterial pathogens in water
under various environmental conditions (pH, temperature, salinity, organic loading,
effect of indigenous microfiora, etc.). Data conceming the environmental
concentration of bacterial pathogens in water systems are generally inadequate.
Additional rescarch is needed to monitor seasonal or annual fluctuations and the
effects of rural, suburban, and urban areas on bacterial pathogen concentrations and
survival rates in priority waters in selected geographic areas.

 Review of Table Dl-l for viral and parasitic pathogens indicates the following:

There is little to no information available on human dose-response relationships,
occurrence and concentration values in water, and indicator orgunism-pathogen
relationships for the organisms reviewed in this study. Additional researca should be
conducted in these areas to improve our understanding of thes< organisms, as well as
confidence in the estimates of risk.

Monitoring techniques are not available for the isclation and enumeration of
hepatitis A, Norwalk agent, and rotavirus, all of which appear to be the most
important viruses associated with waterborne discases. Additionally, the techniques
available for isolating and enumerating E. histslytica and G. lamblia are difficult,
time-consuming, and require highly trained labaratpw personnel to perform.
Research should be performed to develop reasonable quantitative technniquass for
rapidly monitering these organisms in the environment,.

Reliable infcrmation is needed concemning the survival rates in water and during
water treatment of the above-mentioned viruses and parasites.
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